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INTRODUCTION 
Loess derived soil series in southern Iowa are currently 
defined within a narrow range of clay contents in the 3 hori­
zon. For Eiany series this ran.ge in clay is about $-7 percent. 
Previous studies of the loess in southern Iowa have shown that 
clay content in the B horizon is related to the distance from 
the source area. As the distance from the source area in­
creased, percentages of clay in the 3 horizon increased. The 
model that established the trend of clay content in the 3 
horizon was based on data obtained from sites located on the 
highest, most stable upland positions. Regionally, the model 
is adequate in explaining the relationship between soil profile 
development and distance from the source area on stable sites. 
The difficulty imposed by the model occurs where two soil 
series from two soil association areas merge on the landscape 
or where a soil series is mapped on stable upland positions 
in addition to lowered interfluves and beveled sideslope posi­
tions. On the lowered interfluve and beveled side-slope posi­
tions, clay content in the 3 horizon tends to depart from that 
predicted by the regional model. In these areas, clay content 
in the 3 horizon, predicted by the regional model, tends to 
be low. 
Differential erosion probably has the greatest influence 
on change in clay content fro- the stable uplands to the 
lowered interfluves and beveled sicieslopes. Removal of loess 
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from the sldeslopes and lowered Interfluves would affect the 
amount of time involved in soil profile development. There 
would be less time for pedogenesis on the sideslopes and 
lowered interfluves than on the stable uplands. This could 
account for the lower clay content in the B horizon at these 
positions. 
In some areas, soil profiles on a stable summit could 
contain about the same clay content as soil profiles farther 
from the source area but located on beveled sideslopes or 
lowered interfluves. An example would be when Kacksburp and 
Mahaska soils merge on the landscape with Grundy soils. Kacks-
burg soils occur on stable uplands and have a clay content in 
the 3 horizon of 39-42 percent. Grundy soils occur farther 
from the source area on slopes of 2-9 percent and have a clay 
content in the B horizon of 42-48 percent, Macksburg and 
Grundy soils can be separated on clay content when they occur 
on stable upland positions where the slope is less than 4 per­
cent. However, clay content in a Grundy soil on a sideslope or 
lowered interfluve could be about the same as Macksburg soil 
on a stable summit. Clay content alone could not be used to 
separate these soils and therefore additional field criteria 
are needed for series differentiation in these areas. 
Lower clay contents in the B horizon on lowered inter­
fluves and beveled sideslopes compared to stable summits are 
also found within the Grundy series, Grundy soils on the 
lowered interfluves and sideslopes usually do not meet the 
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minimum clay content defined for the soil series. On these 
positions, a portion of the loess has probably been removed 
by differential erosion. The soil which develops on the low­
ered interfluves and beveled sideslopes would probably have 
more inherent properties of the loess parent material. Re­
moval of a portion of the loess from the lowered interfluves 
and sideslopes would indicate that these sites may have had 
less time for soil profile development than Grundy soils 
occurring on the stable uplands. At present, the Grundy series 
is mapped over a slope range of 2-9 percent. This slope range 
may need to be changed and a new series established for the 
steeper sloping positions. However, other criteria in addi­
tion to clay content need to be investigated so that the 
separation can easily be undertaken. 
The objective of this study was to investigate soil 
properties other than clay content that could be used in 
differentiating between the Mahaska, Macksburg and Grundy 
series, and separation of the Grundy series Into two units. 
Properties of principal concern were aeration porosity and the 
distribution of iron oxides. Ideally, properties selected 
should be applicable to field mapping. Iron oxide distribu­
tion patterns and soil colors are related and can be used in 
the field but aeration porosity cannot easily be used. Iron 
oxides in the more poorly drained soils commonly occur as 
nodules, segregations and concretions with the soil matrix 
usually low in iron oxides. In contrast, soils with uniform 
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distribution of iron oxides have higher aeration porosity 
than soils that are low in iron oxides or with segregated 
iron oxides. 
An important part of this study will be to determine the 
relationship of iron oxide content and distribution to aeration 
porosity in selected loess soils of southern Iowa. In addition, 
the effect of degree of mottling, depth to mottled colors and 
profile distribution of iron oxide to aeration porosity will 
be studied. These observations will be evaluated as to their 
suitability for criteria in differentiating soil series from 
loess in southern Iowa. 
Mineraloglcal properties and chemical composition proper­
ties will also be evaluated as criteria for differentiation of 
soil series in southern Iowa. Attention will be given to 
feldspar content of the coarse silt fraction and K and Kg in 
the fine clay fraction. These properties cannot be evaluated 
visibly In the field but may prove useful as supplemental 
criteria. 
Previous studies indicated that K feldspar percentages de­
crease from west to east across southern Iowa if only one 
source area is responsible for the loess sediments. However, 
if more than one source area contributes sediments to southern 
Iowa, there could be a difference in the amount of feldspar in 
the unweathered parent material. 
Previous investigations indicated chat K and Mg content 
of the fine clay ( 0.001 u) fraction of some loess derived 
soil profiles was related to the amount of clay in the profile 
and to the degree of clay movement from the A horizon to the 
3 horizon. In this study Mg and K values of the fine clay wil 
be evaluated as a series differentiation criterion. 
Other physical and chemical analyses that will be deter­
mined are particle size analysis, total phosphorus, pH, free 
manganese, and organic carbono Some thin section and electron 
probe analysis will also be run. 
Sixteen sample sites were selected from stable summit 
positions, lowered, narrow interfluves, and sideslopes in 
southern Iowa. These sites were from both deoxidized and 
oxidized loess parent material. Included in the study but not 
sampled for aeration porosity and iron oxide distribution was 
a local landscape traverse from Lee County, Iowa, The travels 
consisted of seven sites extending down a very gently sloping 
interfluve, 
This study was initiated to investigate soil properties 
which might be used to augment present criteria used in differ 
entiating soil series. Of particular Importance was the 
separation of Grundy, Macksburg and Mahaska soil series. The 
problems to he evaluated will include: 
1. The relationship of aeration porosity and iron oxide 
distribution in oxidized and deoxidized loess. 
2. The possibility of using aeration porosity and/or 
iron oxide distribution as criteria in soil series 
dlf ferentiatlon. 
Mineralogy and chemical composition In classlflca 
tion of soils on the series level. 
Landscape position and depth to paleosol Influenc 
on pedogenesis in a traverse study. 
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LITERATURE REVIEW 
Grundy Series 
In parts of southern Iowa there Is a problem in mappinp 
the Grundy soil series. The areas involved are mainly lower 
Interfluve and backslope portions of the landscape where the 
clay in the B horizon does not meet the present limits for 
the Grundy series. To a lesser decree, it also involves the 
areas where the Grundy series merge with the Macksburg and 
Mahaska series on higher interfluve portions of the landscape. 
These situations are, in part, the result of the soil classi­
fication scheme. As lower levels in classification are es­
tablished, the criteria for differentiation must become more 
sophisticated. These situations are also a result of refine­
ment and narrowing of the limits of soil series. 
Originally the Grundy series was mapped extensively in 
Iowa, Nebraska, Kansas, Missouri and Illinois. Rice (190?) 
narrowed the Grundy series geographically to include only 
Iowa and Missouri - He described it as a soil that developed 
from loess on smooth to almost level topography and having 
somewhat restricted drainage. The Grundy series had a 
granular surface and lacked carbonates. 
Brown (1936) described the Grundy series which occurred 
in south central Iowa as a soil that developed from "southern 
Iowa loess" (Figure 1). The surface layer ranged, in color 
from black to brown and the upper subsoil was mottled, heavy 
Figure 1, The principal soil map of Iowa, The Grundy soils occur in the 
southern Iowa loess area (after Brown, 1936) 
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textured and rather plasric when wer and hard when dry. The 
subsoil was light gray with mottles of yellow and rust brown. 
The Grundy series was mapped on flat uplands and. on slopes 
of moderate gradients. At that time 3 types and 2 phases of 
Grundy soils were mapped in south central Iowa. 
Studies made from 1936 to 19^9 indicated that the Grundy 
series described by Brown and Rice was much too broad. As can 
be seen in Figure 2, redefinition of the Grundy series (Rlecken 
and Smith, 19^9) has restricted them to the section of southern 
Iowa currently known as the Adair-Grundy-Halg and Grundy-Haig 
soil association areas (Oschwald et al., I965). Earlier these 
areas were known as Shelby-Grundy-Halg and Grundy-Haig areas, 
respectively (Slmonson et al., 1952). In these areas the 
Grundy series developed from fine textured loess on 1-7 per­
cent slopes. The surface soil was a dark brown, heavy silt 
loam. The subsoil was mottled, slowly permeable, and sllty 
clay In texture averaging ^5 percent clay. The substratum was 
a light colored, noncalcareous loess. 
As redefined, the Grundy series covered 25-^0 percent of 
the Shelby-Grundy-Halg soil association areas (Slmonson et al., 
1952). The Grundy series formed from loess on undulating to 
rolling uplands. The A and 3 horizons of the Grundy soil were 
thinner than those of the Haig soils, the A horizon was lighter 
colored and the 3 horizon was olive brown or yellowish brown 
rather than olive gray. 
The Grundy-Haig soil association area consists of one 
Fleure 2. Index map Indicating possible loess source areas, loess thickness 
contours, and pertinent soil association areas (after Oschwald 
et al., 1965) 
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small two-pronged area In southeastern Iowa (Figure 2), This 
area had. the same geological history as the Shelby-Grundy-Halg 
soil association area except that dissection of the surface 
by streams went forward, more slowly in the Grundy-Halg area 
(Slmonson et al., 1952). The Grundy soils occur on 35-60 per­
cent of the rolling upland.s. 
In 1959 the Grundy series was listed as also occurring in 
Nebraska and Kansas in the Pawnee-Grundy-Burchard soil associa­
tion areas (North Central Region Regional Publication No, 76, 
1957)• Apparently, Illinois had dropped the Grundy series from 
the state legend previous to 1957» 
Since establishment of the Grundy series, the range of 
clay content of the B horizon had been narrowed. Rlecken 
(1962) considered that the range In clay content is one of the 
most Important criteria in differentiating the Grundy series 
from the Macksbur^ and Mahaska soil series. Early in the 
1960*3 a new classification system was initiated in the Soil 
Survey, This new classification system was referred to as the 
7th approximation (Soil Survey Staff, I96O). In this system, 
the Grundy series Is classified with the fine montmorillonltic 
meslc family of the Aquic Argludolls". 
In 1967» the criteria used in classification of the 
2 Grundy series were again redefined. In the revision the solum 
^Soll Survey files. 
Zibid. 
thickness ranged from 40 inches to more than 70 inches. The 
A horizon varied in texture from silt loam to silty clay loam 
and had moist colors in lOYR hue with values of 2/ or 3/ and 
chroma of /I or /2. Dark stains occurred on the surface of 
the peds and extended into the B2t horizon. The upper argillic 
h o r i z o n  h a d  d o m i n a n t  c o l o r s  i n  h u e s  o f  l O Y R  o r  2 . w i t h  
values of 3/ or 4/ and chroma of /2. The weighted average clay 
content of the upper 20 inches of the argillic horizon was 
about 40-46 percent. Commonly, there were small layers less 
than 7 inches thick that ranged up to 50 percent clay. Mottles 
occurred within 6 inches of the top of the argillic horizon, 
but there were no distinct or prominent mottles in or immedi­
ately below the mollic epipedon. The lower argillic horizon 
had a texture of heavy silty clay loam or light silty clay. 
The dominant colors were variable in hue of lOYR to 5^, moist 
values of 4/ to 5/ and chroma of /I to /3. 
The Grundy soils were considered to form in Wisconsin aged 
loess on moderately sloping areas of the uplands and on loess 
covered stream terraces but most commonly on rldgetops and up­
per sldeslope positions on interstream divides. The slope 
gradient had been enlarged to include slopes of 1-9 percent. 
These criteria used to characterize the Grundy series 
have raised problems in field mapping. In some areas the clay 
content in the B horizon would not meet the range in values set 
up for the Grundy series. This was especially the case when 
the slopes exceeded 5 percent but was also true on lower 
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Interfluve positions. The question that has to be resolved 
Is the placement of these soils of lower clay content in the 
soil classification scheme. 
Studies by Wilson et al. (1946), Ulrich (1949a), and 
Hunter (1950) Indicate that aeration porosity In the Grundy 
series was lower than in the Sharpsburg series but was similar 
to the Haig series. Aeration porosity reflects drainage which 
in part reflects loess thickness. The loess soils that are 
well drained have high aeration porosity values when compared 
to the more poorly drained soils. The poorly drained loess 
soils occur In deoxidized loess which usually is less than 
13 feet thick (Ruhe, 1969a). In Iowa the loess thickness 
varies considerably. Each area that could supply fine grained 
material has been investigated and separated into loess 
provinces. 
Loess Provinces in Iowa 
The loess provinces in Iowa have been studied exten­
sively for the past 60 years. Brown (1936) divided the loess 
covered area of western and southern Iowa into three loess 
areas which Include Missouri loess. Southern Iowa loess, and 
Mississippi loess. Missouri loess was found deposited on the 
uplands in the western counties of the state and Is thick 
close to the river and thins with increasing distance from the 
Missouri River. The Southern Iowa loess area covered all of 
southern Iowa except the extreme western and extreme eastern 
part of the state. This loess was thinner than loess in the 
extreme east and west and was lighter in color, Mississippi 
loess occurred in the eastern tier of counties along the 
Mississippi River. Brown's (1936) separations into three 
loess areas apparently were made on the basis of casual field 
observations and without quantitative depth measurements. The 
majority of the southern Iowa loess described by Brown was the 
parent material of the Grundy series (Brown, I936). 
Kay and Graham (19^1) reported that the Peorian loess of 
Iowa was not distributed evenly over the state. The major 
areas of loess origin were the Missouri River flood plain for 
the loess found in western and southern Iowa, and the lowan 
glacial drift for the loess found in eastern Iowa, The loess 
from the Missouri thins from the west to the east. In the 
west, loess has been measured at 100 feet but in the south 
central section of lo-wa loess was reported to be from 2-4 feet 
thick. 
Hutton (1947) found that loess depths reported by Kay and 
Graham (19^1) were less than the results from his borings in 
south central Iowa, Loess thickness close to the river had 
been known quite accurately since Brown's (I936) work. Hutton 
(19^7) made two traverses across southwestern Iowa and found 
that in "Wayne County loess was about 95 inches thick. Button's 
loess thicknesses were from actual borings of stable summit 
positions, whereas Kay and Graham's (1941) loess thickness-
measurements were probably averages. Ulrich (1949b, I95O) 
used a loess thickness model similar to that of Kutton (19^7) 
to study changes in poorly drained soils in southwestern Iowa. 
Hunter (1950) found that morphological and physical variation 
occurred as loess thickness decreased and the distance from the 
point of assumed initial deposition increased. 
Schafer (195^) used loess thickness and landscape dis­
section to explain differences between Kaig, Taintor and 
Garwin soils in southeastern Iowa. In Taintor-Haip intergrade 
areas he indicated that Kaig series occurred on narrow divides 
and with the subdrainage restricted by underlying Kansan gumbo-
till. Water may move laterally to the drainageway with greater 
ease in Kaig areas than in Taintor areas. In the Garwin areas 
loess is thicker and there would be less restriction of water 
movement downward and thus greater leaching in this profile. 
Cain (1956) studied planosols from southeastern Iowa and 
northeastern Missouri and attributed profile development to 
loess thickness. The Traer series was found where loess thick­
nesses were approximately 3OO inches and were minimal planosols 
whereas, at the Marlon site which is a hiphly developed piano-
sol profile, loess thickness was 60 Inches. 
Other early investigators who studied loess thicknesses 
were Krumbein (1937) and Smith (19^2). Krumbein (1937) made a 
study of loess thickness with distance from the Mississippi 
River and found that loess thinned from the source according 
to the equation Y = The depth of loess Is Y, and x 
is the distance from the source. Smith (19^2) studied the 
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distribution of loess along two traverses in southwestern 
Illinois and found that the rate of thinning of loess with 
distance from its source is a linear function of the loga­
rithm of the distance. He used an equation of the type 
Y = A - B log X 
where, Y is the observed depth, A is a constant equal to the 
loess depth one mile from the bluff, and B is the slope of 
the curve. Smith (1942) concluded that this equation fits the 
data much better than Krumbein's equation near the source area. 
Simonson and Kutton (195^) analyzed loess thickness of early 
traverses and found that the equations of Smith (1942) were 
generally valid, but with local exceptions. 
Ruhe (1969a) used previous knowledge and loess thickness 
measurements and combined them with recent loess measurements 
made from drilling and road cuts to construct a contour map 
depicting loess thicknesso From these data Ruhe (1969a) con­
cluded that there are two major loess provinces and noted them 
as follows: (1) loess is more than 64 feet thick adjacent to 
and east of the Missouri River Valley and thins away from the 
valley; (2) loess is more than 32 feet thick around the margin 
of the Iowa erosion surface in northeast Iowa and thins away 
from the margin. 
Weathering Zones in Loess 
At the time of deposition, loess was thought to be cal­
careous and "oxidized". After deposition alteration began and 
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with time weathering profiles occurred in the loess. Oxidized 
and leached, oxidized and unleached, and unoxidized and un-
leached weathering zones, which had been identified in till de­
posits by Kay and Apfel (1929), were identified in loess by 
Rune (195^a» b). The oxidized and leached zone has colors of 
yellowish brown in the sediment matrix. Light gray mottles 
are commonly present and there are no carbonates. In the 
oxidized unleached zone there are carbonates present which are 
sometimes called "loess kindchen". The unoxidized and un­
leached weathering zone has sediment matrix colors of dark 
gray, blue, bluish green, sind green but is calcareous (Ruhe, 
1969b). 
In addition to these weathering zones Ruhe (195^a) defined 
a "deoxidized" zone. The deoxidized zone is a relict feature 
which formed in past geologic time, either due to poor drainage 
or changes in climatic factors which increased the amount of 
precipitation. The deoxidized and leached zone had a light 
gray sediment matrix in which iron oxide tubules were oriented 
vertically. The tubules were reddish brown and commonly had 
concentric reddish-brown bands with an intervening gray band 
around them. These tubules were called pipestems (Ruhe, 1969a). 
This zone was noncalcareous. 
When the relict deoxidized zone is exhumed, the soils 
formed in it Inherit the gray colors. In western Iowa the Dow 
soil developed in deoxidized loess. It is not poorly drained 
as the color would indicate, rather the color is a relict 
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feature and Is not truly related to drainage (Ruhe, Prill and 
Riecken, 1955)» Ruhe and Scholtes (1956) originally thought 
that the gray matrix was high in ferrous iron. However, 
Daniels, Simonson and Handy (1960) found little ferrous iron 
in the deoxidized or gray matrix. Their work indicated that 
the iron was segregated into the tubules leaving the uncoated 
silt grains which appear to be gray in color. 
Landscape Evolution 
Many studies have indicated that soil landscape models 
are repetitive in Iowa (Ruhe, 1969b). The sites chosen for 
these studies were usually selected from the highest topo­
graphic position in an area. Therefore, these sites repre­
sent profiles which chronologically are the oldest and thus 
are well developed. The next step was to investigate small 
watersheds and observe how the pedogenesis is influenced by 
landscape evolution. 
Daniels (195?) studied an area of about 200 acres in 
eastern Pottawattamie County. The main objective of the in­
vestigation was to study the influence of landscape evolution 
on the physical and chemical properties of soils developed 
within a watershed. He found that dissection of the landscape 
had produced differences in the time of weathering, by exposing 
various weathering zones of lowan-Tazewell loess. The exposed 
parent material was different in both color and carbonate 
content. Ke concluded that the inherent properties of the 
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Iowan-Tazewell loess In Che area studied nan been the dominant 
factor in soil development. 
Dlderiksen (I966) investigated the relationships of soil 
of the Mahaska toposequence to present landscape and natural 
drainage classes in a small watershed in the Otley-Mahaska-
Taincor soil association area in southeastern Iowa. He con­
cluded that landscape evolution and position are very Important 
in setting up drainage classes and soil series. Soils formed 
in the exhumed relict leached and deoxidized loess may have 
gray colors in the profile, but they may be well to moderately 
well drained. This led to the establishment of the Nira series 
which occupies "beveled sideslopes of exhumed deoxidized loess. 
Huddleston (19'9) studied local landscape relationships in 
a small watershed in eastern Pottawattamie County to assess the 
separate effects of interactions between geological and pedo-
logical processes on soil formation. He constructed a model of 
landscape evolution which projected surfaces at various stages 
that were described with calculated equations. The model 
indicated that pédologie processes were most strongly expressed 
on the summit, that geologic processes were mainly responsible 
for observed characteristics on the backslope and footslope, 
and that the greatest degree of interaction between pedolosrlc 
and p-eolop-lc processes occurred on the shoulder position. 
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Influence of Landscape Position on Pedogenesis 
It has long been accepted that the basic assumption in 
pedogenesis must be that the amount of clay in the C horizon 
is a sedimentological feature and the amount of clay in the 
3 horizon is a sedimentological and pedogenic feature (Ruhe, 
1969a), This is an important concept in the Adair-Grundy-Haig 
and Grundy-Haig soil association areas in southern Iowa. 
In these areas loess is less than I3 feet thick and the 
paleosol is close to the soil surface. In addition, the ridges 
are wide and the local relief is at a minimum for southern 
Iowa (Ruhe, 1969a). Before loess deposition, these areas were 
poorly drained. The gumbotill of Iowa contains a number of 
poorly drained paleosols (Ruhe, I956). These poorly drained 
inherited conditions are depicted in the deoxidized loess in 
Iowa that covers many of the ridges. 
Soil survey reports of these areas Indicate that the 
Grundy series was mapped on primary divides as well as on low­
ered ir.terfluves or beveled sideslopes. When this soil is 
mapped on gently sloping primary summit positions the clay con­
tent is usually more than 42 percent in the upper 20 inches of 
the arglllic horizon. In this position on the landscape there 
wowJO be minimum amounts of erosion and dissection and the sum­
mits would be broad and wide. Generally speaking, the soil 
profiles in these areas would be the most well developea. be­
cause they would have the longest time to develop (Dideriksen, 
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1966). 
The lower interfluve areas and beveled sldeslopes would 
have soils that develop in the same parent material, mainly 
deoxidized loess, but these positions would not have had the 
time involved for profile development as did the summit posi­
tions (Huddleston, I969). This suggests that these areas 
could have a stepped sequence, and that on lower interfluves 
and beveled sideslopes the parent material is younger in refer­
ence to pedogenesis. Soils on the sideslope where geologic 
erosion has exposed the gray or sometimes mottled parent 
material are stratigraphically related to geochemical weather­
ing zones. The colors may be relict in these positions and not 
related to present natural soil drainage (Runge et al., 1970). 
Mineralogy 
When a mixture of minerals deposited together in one 
geologic unit is subjected to the agencies of chemical weather­
ing, some minerals are weathered faster than others. A list 
of minerals according to their relative stability to weathering 
is designated a "weathering sequence". The basis of establish­
ment of a weathering sequence lies with one or more of the fol­
lowing: relative persistence with age of formation, geographic 
correlation with weathering intensity factors, particle (spe­
cific surface) function, and persistence as a function of depth 
in formation (Jackson and Sherman, 1953). 
The source of loess deposited from the Missouri River and 
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elsewhere in Iowa includes rocks of many types. Minerals 
present may weather at different rates. Bowen (1928) investi­
gated mineral weathering in igneous rocks and found that many 
heavy minerals and Ca-rich plagioclase weather more readily 
than orthoclase and quartz. 
In 195^ mineralogy was added to the list of soil proper­
ties used in series classification (Whiteside, 195^)• It is an 
important soil property in many areas where there are differ­
ences in parent material. However, in deposits of loess from 
southern Iowa there probably is little local change in miner­
alogy and these are the areas where new series criteria are 
needed. 
In a study conducted in Iowa, Wells and Riecken (I969) 
found that the total potassium in clay from the B horizon of 
loess soils in Nebraska, Iowa and Illinois decreased progres­
sively from west to east. This decrease was explained on the 
basis of a concurrent increase in average annual precipitation 
from west to east across the area. The westward decrease in 
potassium was observed in all size fractions when analyzed 
statistically, but this trend was not evident in the amount of 
K-feldspar and suggests that some of the potassium in the 
coarser fractions originally was present in forms more easily 
weathered than potassium feldspars, probably micas (Wells and 
Riecken, 1969)» Therefore, the decrease in potassium content 
of coarser fractions from west to east could be due to weather­
ing after loess was deposited. 
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Protz and Rlecken (I968) worked with 7 loess derived soils 
in Iowa and found that the nonexchainpeable magnesium content of 
the less than 1 micron clay increased with depth over a wide 
range of soil development. They concluded that within the 
loess-derived, prairie-formed soils of Iowa the predominance 
of processes regarding clay in the solum was in the following" 
order: (1) formation of clay, (2) alteration of clay as indi­
cated by magnesium content., (3) clay movement. 
Types and Occurrence of Iron in Soils 
Iron oxides are important in field investigations because 
they are readily visinle under field conditions. Soils are 
primarily colored by iron and organic matter. The colors of 
a soil are used to indicate drainage classes. Factors such as 
motLling and grayness of matrix have long been used to differ­
entiate between somewhat poorly and poorly drained soils. 
Orcranic carbon does not usually mask the red and yellow color 
of the iron oxides. This factor enables the presence and dis­
tribution of iron oxides to be used in soil classification» 
Usually the more uniformly the iron oxides are distributed the 
more well drained the soil profile will be. 
Iron is present in soil in many forms and can be divided 
into primary and secondary minerals. The primary iron bearing 
minerals -.sually occur in the larger size fractions and upon 
weatherin;." can release iron to formation of iron oxides. In 
addition to Iron oxides, Oades (I963) included clay minerals 
25 
particularly illites and nontronite, iron salrs, and iron 
associated with organic matter into a term collectively re­
ferred to as free iron. However, the Soil Survey Laboratory 
(1967) reports iron oxides as free iron or % Pe. 
Usually free iron is' considered to be reductant extracta­
ble iron and is determined by dithionite extraction or 
dithionite-citrate extraction. These methods remove much of 
the free iron but some still remains after one extraction. 
deLeon (I96I) using Kilmer's (I96O) dithionite extraction 
method found that only 72 percent of the goethite, 46 percent 
of the hematite and 68 percent of the pyrolusite was removed 
with one extraction over an 8-hour period of time. Cbeng 
(1970) tested Holmgren's method of dithionite-citrate extrac­
tion and found only trace amounts of goethite, hematite, and 
limonite after shaking for a l6-hour time period. Holmgren's 
method removed most of the iron associated with free iron but 
did not remove the iron in the octohedral positions in the 
biotite and phologopite micas. 
Iron oxides constitute the bulk of the free iron in soils, 
especially in the pH range from 5.5-7.O (Olson, 19^7; Verigina, 
1950). The occurrence of free iron accumulation is roughly 
divided into four categories-. (a) iron concretions, (b) 11 lu vi­
al deposits in lower B horizons of podzolic soils, (c) later-
ite crusts, (d) iron oxides of agricultural soils and brown 
earths, which are not found as local concretions owing to 
thorough mixing of soils and general stable oxidative 
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conditions (Oades, I963). 
Distribution of Iron Oxides in Soils 
Very lar#e percentages of iron oxides occur in certain 
soils such as laterites. Obeng (1970) studied hard iron-pan 
from Ghana and found that these pans contained large quanti­
ties of Koethite, with smaller quantities of hematite and 
limonite. A recent study by Lambert and Hole (1971) indicated 
that iron oxide concentrations could affect water movement. 
They studied an ortstein horizon, which contained 1.7 percent 
free iron and found a high conductivity when wet and a low 
conductivity when dry. When these horizons occurred close to 
the soil surface they impeded soil drainage. 
Iron bands up to 2 Inches thick have been found in loess 
deposits in southern Iowa. Daniels, Handy and Simonson (I96O) 
studied dark colored bands in western Iowa and found that 
these bands had a higher percentage of manganese, free iron 
and organic matter than the surrounding materials. They con­
cluded that the increase in these constituents in the dark 
bands resulted as loess was being deposited, by secondary 
enrichment or a combination of the two. 
Huncre (1963) noted two types of iron in his loess study 
in southern Iowa. One was when the iron oxides had been con­
centrated and the other when the iron oxides were somewhat 
randomly distributed throughout the soil matrix. deLeon 
(1961) studied alluvial soils in Iowa and found that generally 
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the alluvial soils had a uniform distribution of free iron in 
the profile. In this study the free iron contents ranged from 
0.2-1.0 percent. 
In many soils free iron is concentrated in the clay frac­
tion (Hutton, 1948a; Folks and Riecken, 195^; Simonson, Prill 
and Riecken, 1957? Swensen and Riecken, 1955)• This is 
probably due to the formation of iron oxides, which are con­
centrated in the finer fraction but it may result from the 
formation of iron containing clay minerals (McLaughlin, 1953)» 
In oxidative weathering, as in well drained soils, the bulk 
of iron oxides resides in the clay fraction which is evenly 
distributed throughout the soil profile (Oades, I963). As the 
amount of free iron in the less than 20 micron size fraction 
Increased, aggregation of silts and clays increased due to the 
cementation action of iron oxides and formed concretions (Lutz, 
1936; Mclntyre, 1956; Pilippovich, 1956). If the free iron 
was removed from soils, there was generally an increase of the 
fine clay percentages which indicated that iron oxides are a 
cementing agent (Dion, 1944). Swensen and Riecken (1955) 
found that free iron tends to shift from finer to coarser 
fractions as weathering progresses resulting in formation of 
concretions. 
Conditions for Iron Movement in Soils 
Loess in southern Iowa probably contained iron oxides 
that originally may have been distributed somewhat evenly 
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throughout the loess at the time of deposition. Subsequent 
movement, and consequent accumulation of iron oxides in the 
form of nodules concretions or segregations could have resulted 
from water movement. 
Many investigators have studied iron concretions related 
to winter and summer water table levels (Winters, 1938i 
Sherman and Konekiro, 195^; Hallsworth and Ahmad, 1957) and 
found that iron nodules or concretions appear to have been 
formed by the presence of alternate oxidizing and reducing 
conditions which suggests that their precipitation is physico-
chemical in nature. Other investigators (Lavrov, 1950; 
Bartlett, I96I) observed that iron concretions form in asso­
ciation with root channels, Daniels, Slmonson and Handy (i960) 
studied the ferrous iron content in relationship to color of 
sediments and concluded that the greenish gray color associated 
with water saturated profiles generally contain more ferrous 
iron than ferric iron; however, the greenish gray colors 
changed upon exposure to the air, Simonson, Prill, and 
Riecken (1957) found the poorly drained Wiesenboden soils in 
Iowa are lower in free iron than the associated well drained 
soils. Poorly drained soils do not show an association of 
clay and free iron in the profile such as is evident in the 
well drained Brunizem and Gray Brown Podzolic soils. 
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Iron Oxide Relationship to Soil Aggregation 
It has commonly been accepted that free iron is related 
to the stabilization of soil aggregates but the mechanism for 
this process is not known. A positive correlation between 
free iron oxides present in the soil and aggregate stability 
has been reported (Lutz, 1936; Chester, At toe and Allen, 1957; 
Islam and Hossain, 195^)* The effect of the free iron on 
aggregation is usually more pronounced in the finer size 
fractions (Chester et ale, 1957). This would be expected if 
the mechanism of cementation is a continuous matrix of iron 
oxide, physically binding the clay and silt into secondary 
aggregates (Area and Weed, I965). However, Deshpande et al. 
(19^6) concluded from his study that the stability of macro 
aggregates (1-2 mm) was not dependent on the presence of free 
iron and that iron oxides in the soils examined were present 
as discrete crystals and did not cement soil particles. Area 
and Weed's (I965) results suggested that the contribution of 
the clay in the soil was most pronounced in the range of 
smaller size limits considered, diminishing with increasing 
aggregate size to become nonsignificant for the 2 mm aggregate 
size. However, iron oxides had a significant influence at all 
aggregate sizes. 
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Total Phosphorus 
The amount and distribution of total phosphorus in the 
soil is an important pedogenic aspect of soil development. 
Usually as clay content Increases in the 3 horizon of a soil 
profile total phosphorus content decreases. Pearson, Shaw 
and Pierre (19^0) determined total phosphorus in a Grundy soil 
profile and found that the A horizon contained 585 PPm to over 
700 ppm phosphorus. From the surface total phosphorus content 
decreased to a minimum of about 350 ppm in the upper B hori­
zon. Below this zone the amounts of total phosphorus increased 
sharply at first and then more slowly, to a maximum of 65O-75O 
ppm in the C horizon. 
Runge and Riecken (I966) found that the total phosphorus 
content in two Mahaska profiles from Keokuk and Washington 
County, Iowa was about 6OO-7OO ppm in the surface, decreasing 
to about ^00-^25 ppm in the B horizon and increasing in the 
C horizon to 7OO-85O ppm. 
Comparison of the phosphorus distribution of the Grundy 
profile (Pearson, Shaw and Pierre, 19^0) to that of a Mahaska 
profile ( Runpie and Riecken, I966) indicated that less total 
phosphorus occurs in the B horizon of the Grundy profile than 
in the Mahaska profile. 
The total phosphorus distribution of a Macksburg profile 
from Madison County, Iowa showed that the surface horizon 
contained 73'" PPo: of phosphorus (Runge and Riecken, I966). The 
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phosphorus content decreased in the B horizon to 539 ppm and 
increased in the parent material to an average value of 900 
ppm. These values indicate that there is more total phos­
phorus throughout the profile in the Macksburp: soil in Madison 
County than the Mahaska soil in Keokuk County. The Mahaska 
profile is closer to the source area than the Kacksburc profile 
and the difference in total phosphorus values probably depends 
on the rate of weathering. 
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FIELD INVESTIGATIONS AND LABORATORY METHODS 
Field Investigations 
General location of sites 
The majority of the sample sites in this study are in 
southern Iowa. The surficial sediments are loess. The loess 
thins from west to east across southern Iowa and the soils 
associated with the thinning effect have been separated by 
soil association areas. The soil association areas that are 
most Important to the study area are the ones which contain 
the Grundy, Mahaska, and Macksburg series. 
Twenty-one sites were studied and profiles sampled (Figure 
3). All of the sample sites except profiles P-922 and P-930 
were from stable upland positions. A stable upland would not 
imply that the site was located on the highest topographic 
position in the area. Sites P-922 and P-930 are Grundy pro­
files of sideslope positions where the slope was about 5 per­
cent. Seven of the sample sites occur along a transect in Lee 
County, Iowa (Figure 4), Elevation at each of these 7 sites 
was surveyed by the area work unit of the USDA Soil Conserva­
tion Service. 
The series name, county, slope group, drainage class and 
number of horizons to 50 inches are shown in Table 1. 
One of the primary objectives of this study was to obtain 
information about aeration porosity in the Grundy, Mahaska, and 
Macksburg soils. The data could then be evaluated in 
Figure 3. Site location map. The large dot in Lee County represents 10 site 
locations in this area, Each of the remaining dots indicate a single 
site location 
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Table 1. Laboratory number, series name, county location, 
slope, drainage class and number of layers or hori­
zons to a depth of $0 inches in all of the sites 
selected for the study 
No, of 
P-no. 
Series 
name County 
Slooe 
% 
Natural 
drainage 
class 
horizons 
to depth 
of 50 in 
P-915 TSL Warren 1 Well 8 
P-930 Tama Grundy 1 Well 9 
P-919 Dow Fremont 5 Well 5 
F—91^ Sharpsburp Warren 2 Moderately 9 
P-926 Macksburp: Madison 1 Somewhat poorly 8 
P-927 Hacksburg Madison 1 Somewhat poorly 8 
P-924 Mahaska Keokuk 1 Somewhat poorly 7 
P-925 Mahaska Washington 2 Somewhat poorly 8 
P-916 G rundy Lee 3 Somewhat poorly 9 
P-9I8 Grundy Clarke 2 Somewhat poorly 9 
P-921 Grundy Lee 2 Somewhat poorly 9 
P-930 Grundy Clarke 5 Somewhat poorly 9 
P-922 Grundy Lee 5 Somewhat poorly 10 
P-931 Grundy Lee T_ C c* '«'W ^ p c c I* 1 y 1 r\ •L. W 
P-932 G rundy Lee 1 Somewhat poorly 10 
P-933 Grundy Lee 2 Somewhat poorly 8 
P-934 Grundy Lee 1 Somewhat poorly 10 
P-935 Grundy Lee 1 Somewhat poorly 9 
P-917 Haig Lee 1 Poorly 11 
P-923 Hale Lee X Poorly 9 
P-929 Haig Clarke 1 Poorly 9 
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separating these soils in boimdary areas between their re­
spective soil association areas. The remaining sample sites 
were selected to show what variation in aeration porosity may 
be obtained over a wider range in natural drainage classes. 
Individual sites 
Each of the sites was selected with a specific objective 
in mind. Site P-915, the TSL site from Warren County, was 
supposed to have been a well drained Tama soil. In well 
drained Tama soils the iron oxides are generally distributed 
somewhat evenly throughout the profile. However, upon careful 
examination, this site contained silans which indicated a 
forest influence. Therefore, a modal Tama profile from Grundy 
County (P-928) was included in the study. 
Site P-919, a leached Dow profile, was selected so that 
a comparison could be made between the aeration porosity in 
relict deoxidized loess and the deoxidized loess that occurs 
in southcentral and southeastern Iowa. The relict deoxidized 
loess in Dow soils contains less clay than the deoxidized 
loess in southcentral and southeastern lowao 
The iron oxides in the Sharpsburg profile are not dis­
tributed as evenly throughout the profile as in the Tama pro­
file and this led to the sampling of the Sharpsburg profile 
(P-914). If iron oxide distribution is related to aeration 
porosity, the Sharpsburg profile should have lower aeration 
porosity values than those obtained from the Tama profile. 
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Two Macksburp sites (P-926 and P-927), two Mahaska (P-924 
and P-925) sites and five Grundy sites (P-916, P-9I8, P-921, 
P-922 P-930) were selected so that a comparison of aeration 
porosity and iron oxide distribution could be made. These 
soils can merge on the landscape in boundary areas and when 
this occurs their separation is sometimes arbitrary using 
present criteria. Field observations and laboratory data 
indicated that the Grundy soils mapped on lower interfluves 
and sideslopes tend to have similar clay contents in the B 
horizon as is found in the Mahaska and Macksburg soils. There­
fore, two Grundy profiles were sampled on sideslopes (P-922 
and P-930) and the remaining three Grundy profiles were from 
stable summit positions. The parent material in all of these 
sites was considered to be deoxidized loess. The iron oxides 
are found mainly in segregation, nodules, and concretion in 
deoxidized loess. There is a large percentage of gray fabric 
in these soils and this gray fabric may be related to aeration 
porosity. 
The Haic profiles represent one end of the natural drain­
age classes. These profiles are poorly drained and the iron 
oxides occur primarily as nodules, concretions and segrega­
tions. The cray colors are definitely predominant in the Haic 
soils. Therefore, aeration porosity values were determined on 
these soils for comparison with the somewhat poorly drained 
Grundy, Mahaska and Macksburc: profiles along with the other 
more well drained profiles. 
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A traverse consisting of 7 Grundy profiles taken down a 
long interfluve was made in Lee Coimty. The traverse covered 
about one-half mile with an absolute difference in elevation 
from the summit to the toe of the interfluve of 14 feet. This 
traverse was made to observe the change in clay content and 
thickness of the mollic epidedon from the summit to the 
lowered interfluve. 
Morphological descriptions 
Detailed morphological descriptions were made at each of 
the 21 sites and are presented in Appendix 4. 
Laboratory Methods 
Aeration porosity, thin section and electron probe 
analyses were run on undisturbed bulk field samples. The re­
sults of aeration porosity are based on an oven-dry basis. All 
other chemical and physical analyses were made on soil samples 
dried at about 50°C for 1-3 days and passed through a sieve 
having round holes 2 mm in diameter. There was no greater 
than 2 mm material present in any of the samples. A repre­
sentative subsample of the less than 2 mm material was ground 
to pass the 80 mesh sieve using an agate mortar and pestle. 
The fine ground soil was used to determine total carbon, re-
ductant extractable iron and manganese, and total phosphorus. 
There was no correction made for moisture content on the 
reported data. 
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Particle size analysis 
Particle size analyses were run on the less than 2 ram 
material using a modification of the pipette method first 
proposed In the United States by Jennings et al, (1922) and 
later revised by Olmstead et al. (1930) and Kilmer and 
Alexander (1949). Further fractionations using the Wentworth 
(1922) scale were made at specific time Intervals calculated 
from Stoke's law by Tanner and Jackson (19^7)» 
The coarse silt was separated from the fine silt and 
clay by décantation to collect samples for pétrographie 
studies, 
Reductant extractable Iron and manganese 
Reductant extractable Iron and manganese were determined 
by the sodium dlthlonlte-sodlum citrate extraction procedure 
of Holmgren (I967). The Iron and manganese contents were ob­
tained by atomic absorption spectroscopy (Ferkln-Elmer, I968; 
Yuan and Breland, 1969) and reported as percent Fe or Mn. 
pH values were obtained by weighing 10 grams of soil 
into a plastic cup and adding 10 ml of distilled water. The 
suspension was stirred and allowed to stand for one hour. The 
supernatant solution was read using a Beckman Zeromatic pH 
meter. 
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Micro samplinp: for reductant extractable iron 
Micro soil samples were obtained from the aeration 
porosity core samples according to the following procedure. 
1, A plexiglass circle, containing I5 1/8-inch holes 
was placed over the aeration porosity core. 
2. Samples 1/8 by 1/2 inch were taken using a 1/8-inch 
core borer and weighed. 
3* Samples were then placed in a 50 ml plastic centri­
fuge tube. 
4. Thirty ml of distilled water and a proportionate 
amount of sodium dlthionlte and sodium citrate were 
added to the test tube, 
5» The centrifuge tubes were shaken overnight and the 
suspension transferred to a 100 ml volumetric flask. 
6. Three drops of a 2 percent superfloc solution was 
added to the volumetric. 
7. The suspension was shaken for I5 seconds and made to 
volume. 
8. Reductant extractable iron was determined by atomic 
absorption spectroscopy. 
Electron probe analysis 
Electron probe analyses were run on a sample of oxidized 
and deoxidized loess from southern Iowa. The ARL Model EMX 
electron microprobe X-ray analyzer operating at 20 KV was used 
3^ 
to obtain the total iron traces^. The scanning rate was 96 
microns per minute with the standard currents varying no more 
than 0.03 to 0.05 mlcroamps. The two iron scales were 5OO K 
full scale and 200 K full scale. At 5OO K, full scale de­
flection gave iron percentages from 0 to $0 percent. The 
following procedure was used to prepare the sample. 
1. An air-dried sample of the oxidized and deoxidized 
loess was trimmed to approximately 3/8 inch in di­
ameter and 1/2 inch in height. 
2. These small cores were Impregnated and coated with a 
carbon film at the ASC laboratory. 
3. Iron and phosphorus traces were obtained using the 
above described instrument. 
Total carbon analysis 
Total carbon determinations were run on all profiles to a 
depth of 60 inches. The method used was the Leco 70-Second 
Carbon Analyzer for Total Carbon of Soils (Tabatabai and 
Bremner, 1970). 
The instrument used consisted of a Leco Model <21 high 
frequency induction furnace filled with a Leco #550-122 com­
bustion tube and connected to a Leco Model 750-100 automatic 
70-second carbon analyzer. The oxygen was purified with a 
Leco #516-100 purifying train containing Ascarite and Drierlte, 
and the gas mixture obtained by combustion of accelerator-
^Rlchard Kniseley. 1971. Personal comciunicationo 
44 
treated sample in the high-frequency Induction furnace was 
passed through a Leco #501-010 dust trap, a Leco #503-033 trap 
containing activated manganese dioxide, a Leco #507-010 heated 
catalyst tube, and a Leco #598-157 moisture trap containing 
Anhydrone (anhydrous MgtClO^ïg). The Anhydrone in the moisture 
trap was renewed after every 100 samples. 
The procedure was as follows: 
1. A soil sample weighing between 0,2-0.3 gram was 
placed in a Leco #528-035 crucible and covered with 
one scoop of iron chips (Leco #301-077), one scoop 
of tin (Leco #301-076), and one scoop of tin-coated 
copper (Leco #501-263). A Leco #503-032 scoop was 
used to add the accelerators. 
2. The Analyzer was calibrated previously by burning 
known amounts of carbon contained in the Leco 
standards. 
Total phosphorus 
Total phosphorus was determined by sodium carbonate 
fusion. The method is described by Jackson (1958). One gram 
samples, ground to pass the 8 0 mesh sieve were placed in 
platinum crucibles and mixed with 5 grams of sodium carbonate. 
The mixture was placed in a muffle furnace and heated to 950 
degrees centigrade for 30 minutes. The crucible and fused 
melt were taken from the furnace and placed in a beaker con­
taining about 150 ml. of distilled water. The beaker was 
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placed on a steam plate and allowed to stand overnight. The 
solution was filtered and made to volume in a 100 ml» volu­
metric flask. A 25 ml. aliquot of the solution was used to 
determine the phosphorus by the vanadomolybdophosphoric yellow 
color method of Kitson and Mellon as described by Jackson 
(1958). A B & L Spectronic 20 Colorimeter was used with the 
wavelength set at 440 millimicrons. Standard samples were run 
with each set of 20 samples. The Spectronic 20 was calibrated 
every run with known standards. 
Potassium and calcium feldspar 
A staining method for the quantitative determination of 
feldspar (Reeder and McAllister, 1957) was used to obtain 
percentages of potassium sind plagioclase feldspars in the 
coarse silt fraction of some loess soils from southern Iowa. 
In this procedure the minerals were treated, by indirect con­
tact, with 48 percent hydrofluoric acid, and then immersed 
in a concentrated sodium cobaltinitrite solution which stained 
the potash feldspars yellow. This treatment was followed by 
immersion in a buffered hematein solution which stained the 
plagioclase feldspars purple. The intensity of the color on 
the plagioclase feldspars depends upon the position in the 
isomorphous series. Minerals such as quartz, gypsum, and 
calcite were not affected by this method, 
A binocular microscope was used to identify the feldspar. 
The feldspar percentages were calculated from a count of at 
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least 100 arrains. The separations made were potash feldspars, 
plafrioclase feldspars, opaques and clear minerals. The clear 
minerals, when observed with a pétrographie microscope, were 
composed primarily of quartz. The potash feldspars 
were mostly orthoclase and the plapioclase feldspar appeared 
to be ollfTOclase, 
Aeration porosity 
Aeration porosity samples were taken to a depth of $0-60 
inches at 16 sites. Each horizon was sampled in triplicate 
and the average value for aeration porosity was recorded, 
"^he method used to obtain the aeration porosity samples is 
by Colle (I936) and could be considered, a micro corinp method. 
A cylinder accurately measured but with approximate 
measurements of 4.4$ cm. diameter and 3.81 cm. height was 
placed inside a cutting head. A pit was dus: at the site 
location and "che area to be sampled leveled using: a flat spade. 
The cutting head was placed on the leveled surface and forced 
into the ground using body weight or a hydraulic press. Ihe 
cylinder was extracted from the cutting head and the top and 
bottom of the soil sample trimmed. The volume of the cylinder 
is known and therefore the soil volume is known. 
'^he aeration porosity was determined by saturating the 
soil sample overnight in water and applying a 4C cm. tension. 
The 40 cm. tension could be applied in a 1/3 bar tension 
apparatus or by applying a 40 cm, water column to the soil. 
^7 
When the samples came to equilibrium at ^0 cm. tension they 
were weighed, oven dried at 110 decrees centigrade, and the 
aeration porosity, bulk density and moisture contents at field 
and at 40 cm. determined. 
Thin section 
Thin sections were made of the Grundy, Mahaska, Macks-
burr, and Tama soils to evaluate the distribution of iron 
oxide. The samples selected were from the 30 to 40 inch layers. 
The procedure used was taker, from the Soil Survey Investisration 
Report No. 1 (U.3. Department of Agriculture, I967). 
The sample examined was obtained from the aeration 
porosity core and was approximately 60 cc in size. After 
collecting the sample it was placed In a porcelain container 
with sloping sides, dried in an oven, preferably overnight or 
lonrer at 80 decrees centigrade and then placed in a desiccator 
containing CaClg. A plastic solution made from one part 
Laminae resin 4110, two parts monomeric styrene (by volume) 
and 5^ by volume of Lupersol DDVJ catalyst was poured into the 
porcelain vessel until the soil sample was covered. The dish 
was placed in a vacuum desiccator and all the air was pumped 
from the soil sample. After impregnation was completed 
(approximately 5 minutes), the crucible was removed from the 
desiccator and left at room temperature overnight» The 
hardened block was cured at 100 degrees centigrade for about 
an hour. The block was removed from the crucible by coolinr 
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quickly in cold water. The sample was cut into sections about 
1/2 inch thick and small enough to fit on a regular pétro­
graphie slide. One surface was ground on the revolving lap 
•wheel using successively finer abrasives until the surface 
was highly polished. The polished side of the sample was 
attached to a pétrographie slide using a catalyst epoxy. The 
sample was then placed in an oven set at 60 degrees centigrade 
overnight. 
The sample was cut to about 1/32 inch using a diamond 
saw and the surface polished using abrasives or sandpaper. 
The presence of quartz in the sample can be used to gauge 
thinness. First order quartz interference colors are observed 
when the sample is approximately 0,03 mm, thick. 
A cover slip was attached to the thin section using 
cooked Canada balsam. 
Potassium and magnesium on the fine clay fraction ( 0,001 w) 
Total potassium and magnesium were determined on the fine 
clay of selected profiles using the method developed by 
Jackson (1958) and modified by Protz (I965). LiNO^ was used 
as a dispersing agent in this procedure instead of sodium 
hexametaphosphate. The K and Mg percentages were determined 
on extracts run by atomic absorption spectroscopy (Perkins and 
Elmer, I968), 
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RESULTS 
Physical Soil Properties 
Physical and chemical determinations made at each site 
are listed in Table 2. Particle size analysis, total carbon 
and pH values were obtained from all sample sites dovni to the 
paleosol or pedisediment, Aeration porosity was determined to 
a depth of $0-60 inches. The data from the physical and 
chemical determinations are presented in Appendix 1. 
Particle-size analysis 
Two methods were used in this study to determine the 
sand, silt and clay percentages. The Wentworth scale was used 
for sites P-914 to P-923, P-926, and P-928 to P-930, The USDA 
scale was used for sample sites P-924, P-925, P-927, and P-931 
to P-935» The difference between the two scales is in the 
silt fraction. 
Both the Wentworth and USDA have defined the clay as the 
less than 2 micron fraction. 
Sand The sand content in all of the loess samples was 
less than 3»9 percent. Visual estimates of the sand fraction 
indicated that approximately 75 percent of the particles were 
iron and manganese oxides. Most of the remaining particles 
were quartz. 
Silt The silt fraction was the dominant size fraction 
in the loess soils comprising $5 to 80 percent of the fine 
Table 2. Soil properties determined at each site 
Reduc- Micro Elec-
Slte Particle Aeration Bulk tant tech- tron 
no. size porosity density ext. Pe nique probe 
P-914 X X X X 
P-915 X X X X 
P-916 X X X X X 
P-917 X X X X 
P-918 X X X X 
P-919 X X X X 
P-921 X X X X 
P-922 X X X X 
P-923 X X X X 
P-924 X X X X X 
P-925 X X X X 
P-926 X X X X 
P-927 X X X X X 
P-928 X X X X X 
P-929 X X X X 
P-930 X X X X 
P-931 X 
P-932 X 
P-933 X 
P-934 X 
P-935 X 
X 
X 
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Miner­
Reduc- alogy K & Me 
Thin Total Total tant K- on fine 
section carbon P ext. Kn pK feldspar clay 
X X X X 
X X X X X 
X X X X X X X 
X X X X 
X X X X X X X 
X X X X 
X X X X X 
X X X X 
X X X 
X X X X 
X X X X X 
X X X 
X X X X X 
X X X X 
X X X 
X X X 
X X 
X X 
X X 
X X 
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earth fabric (Appendix 1). In the sllr ranpe, the most vari­
able separate size was "che coarse silt. The coarse silt frac­
tion is defined as the Jl-16 micron size in the Wentworth 
scale and the 20-50 micron size in the USÛA scale. 
The percentage of coarse silt decreased from west to east 
across southern Iowa. Generally the coarse silt decreased and 
the clay content increased from the A horizon to the B horizon 
of the loess profiles (Figure 5)* Below the B horizon, the 
coarse silt Increased and the clay content decreased. The 
other silt fraction regained relatively constant with depth. 
Clay The range in clay content of all sites to a depth 
of 60 inches was not large and remained relatively constant 
with depth (Figure 6). The largest variation in clay percent­
ages occurred in the zone of maximum accumulation where a 
range from 28-48 percent was obtained. 
The clay distribution in the more well drained profiles 
such as Sharpsburg and Tama were similar (Figures 7, 8, 9); 
whereas, In the Dow profile, the clay content decreases with 
depth, froT. a maximum of 33 percent in the surface horizon to 
about 27 percent in the parent material (Figure 10). The 
parent material at the Tama site contained less than 25 percent 
clay. The loess in this area is mainly derived from the lowan 
erosion surface and closer proximity to the source could 
account for the coarser textures in the parent material. The 
Sharpsburg- arc TSL sites, located In southcentral Iowa, occur 
In loess der'ved from the Missouri River source area, but may 
Pleure 5. Relationship of the various Wentworth size frac­
tions in a Grundy profile (P-9I6) from Lee County, 
Icwa 
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Pleure 6. Ranp-e in clay content for the 16 sample sites 
(F-914 to P-930); solid dots are clay contents 
from well drained profiles and open circles are 
clay contents from more poorly drained profiles 
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Ficrure ?. Percent clay, aeration porosity, and free iron 
a Sharpsburg profile (P-914) from Warren County 
Iowa 
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ipure 8. Percent clay, aeration porosity, and free iron 
a TSL site (P-915) from Warren County, Iowa 
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PlRure 9. Percent clay, aeration porosity, and free iron in 
a Tama profile (P-928) from Grundy County, Iowa 
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prure 10. Percent clay, aeration porosity, and free iron In 
a leached Dow profile (P-919) from Fremont County, 
Iowa 
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have also received loess from more local sources. 
Five Grundy profiles, two Mahaska profiles and two Macks-
bur# profiles were selected so that a comparison of clay con­
tent in the B horizon could be made. All of these sites are 
classified in the somewhat poorly drained drainage class. 
Three of the Grundy profiles (P-916, P-918, P-921) are on 2 to 
3 percent slopes and the other two Grundy profiles (P-922 and 
P-930) are on slopes of about 5 percent. 
The clay content in the surface horizons on the more 
stable Grundy sites ranged from 20-26 percent. The clay con­
tent in the upper 20 inches of the B horizon of these soils 
ranged from 38-41 percent with a clay maximum of 41-43 percent. 
Below the B the average clay content in the Grundy sites from 
Lee County was 29 percent and in Clarke County the clay content 
was 31 percent (Figures 11, 12, I3). One of the Grundy sites 
that occurred on 5 percent slopes was from Lee County (P-922) 
and the other from Clarke County (P-930). The Grundy soils on 
5 percent slopes had similar clay distribution curves to those 
on 2 to 3 percent slopes; but the zone of maximum clay accumula­
tion occurred closer to the surface on the 5 percent Grundy 
soils. The clay content in the surface horizon of the Grundy 
soils on 5 percent slopes was greater than those on 2 to 3 
percent slopes (Figures 14, I5). 
The trends in the distribution of clay with depth in the 
two Mahaska orofiles from Washington and Keokuk counties were 
about the ssirae (Figures 16, 17). These profiles contained 
Figure 11, Percent: clay, aeration porosity, and free Iron In 
a Grundy profile (P-9I6) from Lee County, Iowa 
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Figure 12. Percent clay, aeration porosity, and free iron in 
a Grundy profile (P-918) from Clarke County, Iowa 
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Figure 13. Percent clay, aeration porosity, and free iron in 
a Grundy profile (P-921) from Lee County, Iowa 
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Figure 14. Percent clay, aeration porosity, and free iron In 
a Grundy profile (P-922) on a sideslope from 
Lee County, Iowa 
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Figure 15. Percent clay, aeration porosity, and free iron in 
a Grundy profile (P-930) on a 5% sldeslope from 
Clarke County, Iowa 
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Figure 16, Percent clay, aeration porosity, and free iron in 
a Mahaska profile (P-924) from Keokuk County, 
Iowa 
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Figure 17. Percent clay, aeration porosity, and free Iron In 
a Mahaska profile (P-925) from Washington County, 
Iowa 
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about 30 percent clay In the surface horizon. This value com­
pares to the range of clay of 20-26 percent in the surface 
horizon of the stable Grundy sites. In the upper 20 inches 
of the B horizon on the Mahaska profiles the clay content was 
38-39 percent which was about the same as that determined in 
the Grundy sites (P-9I6, P-9I8, and P-921). The maximum clay 
content in the B horizon ranged from 39-^1 percent. In the 
parent material the clay content was about 25 percent which 
is less than that obtained in the Grundy sites but about the 
same as the Tama site from Grundy County. 
The two Macksburg profiles from Madison County probably 
represent the two ends for the limits established for this 
series. The clay content in the surface horizon of P-926 was 
29 percent and increased to 36 percent in the B22 horizon. 
The average clay content in the upper 20 inches of the 3 hori­
zon was about 35 percent. The parent material contained about 
31 percent clay (Figure 18), In the other Macksburg site 
(P-927) the clay content in the surface horizon was 33 percent 
and increased to 40 percent in the B22t, The average clay con­
tent in the upper 20 inches of the B horizon was 39 percento 
There was a gradual decrease in the clay content below the 
B22t and at 63 inches the clay content was less than 30 percent 
(Figure 19). Comparison of these two sites show that P-927 is 
finer textured throughout the solum than P-926 but both pro­
files contai:! about the same clay content in the parent 
material. 
Figure 18, Percent clay, aeration porosity, and free iron In 
a Macksburg profile (P-926) from Madison County, 
Iowa 
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Pipure 19. Percent clay, aeration porosity, and free iron 
a Macksburg profile (P-927) from Madison County 
Iowa 
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With the exception of P-926 all of the Mahaska, Grxindy 
and Macksburg soils have from 40-44 percent clay in the maxi­
mum zone of clay accumulation or the B22 horizon. These re­
sults do not Include the sample sites P-931 to P-935 which are 
mapped as Grundy but occur on about 1 percent slopes. These 
soils border on the Haig series. 
The clay content in the upper 20 inches of the C horizon 
ranged from 33-41 percent on Grundy, Mahaska and Macksburg 
sites except for P-926 which contained 35 percent clay in this 
zone. The surface texture in Macksburg and Mahaska soils were 
finer and depth to maximum clay content was greater in Macks­
burg and Mahaska soils than in Grundy soils. 
The three Haig profiles have similar clay distribution 
with depth (Figures 20, 21 and 22, Appendix 1). Two of these 
sites are located in Lee County (P-917, P-923) and one is from 
Clarke County (P-929). The clay content in the surface horizon 
of the Haig sites was about 22 percent which is less than the 
clay content in the surface horizon of the Grundy, Mahaska, 
and Macksburg soils. The clay contents in the 322t horizon 
in the Haig sites from Lee County were 45 and 48 percent. The 
Clarke County Haig site had 43 percent clay in the 322t horizon. 
The parent material in the Lee County Haig sites contained 
approximately 28 percent clay; whereas the Clarke County Haig 
site had about 30 percent clay. In a given area the parent 
material of the Haig profiles contained about 2 percent more 
clay than the parent material of the Grundy soilso 
Figure 20, Percent clay» aeration porosity, and free Iron in 
a Kalp profile (P-917) from Lee County, Iowa 
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Fipure 21. Percent clay, aeration porosity, and free iron in 
a Haig profile (P-923) from Lee Coiinty, Iowa 
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Figure 22. Percent clay, aeration porosity and free iron in 
a Haig profile (P-929) from Clarke County, Iowa 
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Aeration porosity 
In this study aeration porosity is defined as the volume 
of voids not filled with water at kO cm, water tension. Using 
this method all voids greater than 37 micron would be included 
in the value for aeration porosity (Baver, 19^8). The data 
for aeration porosity or noncapillary porosity are shown in 
Appendix 2, 
Well drained soils Aeration porosity was determined 
on two well drained soils (P-915» P-928). These are plotted 
in Figures 8 and 9, In the surface horizon these well drained 
profiles had aeration porosity values that ranged from 6-10 
percent, and in the 8-20 inch increment, aeration porosity 
ranged from 10-16 percent. Aeration porosity values ranged 
from 8-10 percent in the 20-40 inch zone and decreased to 
5-8 percent at 60 inches (Figures 8 and 9)• Comparison of the 
Tama (P-928) and TSL (P-915) sites to a well drained leached 
Dow site (Figure 10) indicates aeration porosity values were 
lower in the Dow profile (P-919) than those of the two well 
drained profiles. Percent clay and free iron of the Dow soil 
were lower than in the two well drained soils. 
The Sharpsburg (P-914) profile had only slightly lower 
aeration porosity throughout the solum than the Tama and TSL 
sites (Figures 7i 8, 9)» Below the solum the aeration 
porosity values were about the same in these three profiles. 
Somewhat poorly drained soil's Grundy, Manaska and 
Macksburg soils of this study are classified as having somewhat 
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poor natural drainage. All are in areas where the parent 
material is deoxidized loess. 
Aeration porosity values of the Grundy sites on stable 
sunmits were plotted in Figures 11, 12, and 13» The 0-10 
inch zone ranged from 8-11 percent. The highest aeration 
porosity values were in the 10-20 inch depth Increment where 
values of about 10 percent were obtained. At about 20 Inches 
aeration porosity decreased and the values were less than 5 
percent below 30 inches. 
The aeration porosity of sideslope Grundy sites (P-922 and 
P-930) are plotted in Figures 14 and 15* Aeration porosity in 
the surface horizon at these two sites was 2-4 percent. From 
about 8 to 20 inches aeration porosity values were about 5 per­
cent. Below 20 Inches the values for aeration porosity were 
less than 3*5 percent. These sideslope Grundy sites had lower 
aeration porosity values throughout the profile than the Grundy 
sites of stable summits (Figures 14 and 15). 
Mahaska sites (Figures 16 and 1?) had similar aeration 
porosity values to those obtained in the Grundy profiles to a 
depth of about 23 Inches. Below 23 inches aeration porosity 
values In Mahaska sites were about 1-2 percent greater than 
comparable zones In Grundy soils. 
Macksburg sites, as previously stated, represent the two 
extremes of the limits in the Macksburg series. Aeration 
porosity values at site p-926 are greater than at site P-927 
and higher aeration porosity values carry deeper in the profile 
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in P-926 than in P-927 (Figures 18 and I9). Aeration porosity 
distribution in P-927 is very similar to that in the Grundy 
soils. However, aeration porosity values of site P-926 remain 
greater than 5 percent to a depth of 40 inches. These aeration 
porosity values in P-926 are greater than those obtained in the 
Grundy series by approximately 2 percent. 
Poorly drained soils Most of the aeration porosity 
values in the Halg soils were less than 4 percent below a cepth 
of approximately 23 Inches (Figures 20, 21, 22). Aeration 
porosity values obtained from the Halg soils are about the same 
as those determined in the Grundy soils. 
Bulk density 
Bulk density determinations were made on 16 sites and are 
given in Appendix 2. Some of the results are plotted in 
Figure 23 by grouping of profiles. Excluding surface layers, 
bulk density v:as lowest in the upper profile and Increased with 
depth. Well drained profiles have lower bulk density values 
than somewhat poorly and poorly drained soils. 
Well drained soils As shown in Figure 23» variation 
in bulk density on the well drained soils was greatest in the 
surface horizons where there was a range of I.3I to 1.49 g./cc. 
This may be the result of past land use. Bulk density generally 
decreased from the soil surface to a depth of about 22 inches 
where bulk density was about 1.35 g./cc. Below 22 Inches 
bulk density values Increased gradually to approximately 1*41 
Fleure 23» Hanpe in bulk density values In a Tana (P-928) 
and Sharpsburg profile (P-91^), fwo Kacksburc 
(P-926 and P-927) and Mahaska profiles (P-924 
and P-925) and five Grundy (P-916, P-9I8, P-92I, 
P-922, P-930) and three Haig profiles (P-917, 
P-923, P-929) 
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at 45 inches. In the 4-5-60 inch increment bulk density re­
mained relatively constant at about 1.42. 
Somewhat poorly drained soils Bulk density in the two 
Macksburg and two Mahaska profiles as shown in Figure 23 had 
less variation (1.27-1.40 g./cc.) in the surface horizons 
than the well drained profiles. Bulk density decreased to 
1.30 i 0.04 g./cc. at a depth of 1? inches, and at 38 inches 
bulk density ranged from 1.42-1.4? g./cc. In the 40-60 inch 
increment bulk density values ranged from 1.4$ - O.O3 g./cc. 
The greatest ran%e in bulk density with depth occurred in 
the Grundy soils. Three Grundy profiles (P-916, P-9I8, P-921) 
from stable summit positions contained bulk densities in the 
0-I5 inch zone that ranged from 1*27-1.43 c./cc. These bulk 
density values were similar to values for bulk density In a 
comparable zone in well drained soils and also In Mahaska and 
Macksburg soils. Below 20 Inches there was a gradual Increase 
in bulk density at Grundy site P-916 but the other two Grundy 
sites (P-918 and P-921) had a much greater Increase in bulk 
density with depth. Generally, bulk density In the 30-56 inch 
increment was greater than 1.40 g./cc, but ranged from 1.37-
1-55 pr./cc. 
Bulk density in the Grundy profiles on sldeslope positions 
(P-922 and P-930) was greater throughout the profile than bulk 
density in profiles on stable summits (P-9I6, P-9I8 and P-927). 
Bulk density decreased from about 1.46 - 0.6 g./cc. in the 
surface horizon to I.32 g./cc, at 10 inches. Below 10 inches 
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bulk density Increased rapidly to 1.57 g./cc. at 29 Inches. 
In the 29-55 Inch zone the bulk density ranged from 1,56 to 
1.62 (Figure 23). Grundy profiles have a wider range of bulk 
density values than Macksburg and Mahaska profiles, especially 
in the lower profiles where bulk density is also slightly 
greater. 
Poorly drained soils The Halg profiles occurred on 
stable upland summits with slopes of less than 1 percent. The 
range in bulk density of the three Halg profiles falls within 
the range observed In the Grundy, Mahaska eind Macksburg soils. 
But the range of bulk density obtained in the Grundy soils 
Included the range in values for the Hale: soils (Figure 23). 
However, below about inches, Halg profiles have higher bulk 
density values than Macksburg and Mahaska profiles. 
Chemical Soil Properties 
Distribution and content of reductant extractable iron 
Distribution of reductant extractable iron, sometimes 
referred to as free Iron, is an important soil property. Dis­
tribution of free iron is probably more Important than the 
actual value determined for free iron or percent Fe on a bulk 
soil sample. Free iron may be distributed evenly throughout a 
profile or in concretions, nodules and segregations but in both 
instances free iron percentages could be about the same. For 
simplicity reductant extractable iron in this study will be 
referred to as free iron or percent Fe. 
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Well drained soils Free Iron percentages did not vary-
appreciably with depth In the three "oxidized" well drained 
profiles (Figures 7, 8 and 9)* In the Tama (P-928), TSL 
(P-915) and Sharpsburg (P-914) profiles, free iron content 
was 1.2 - 0.1 percent in the 0-22 inch zone. Free iron con­
tent was 1.5 ^  0.1 percent in the 22-34 inch zone and decreased 
to 1.2 - Col percent at 60 Inches, In contrast, the free iron 
content In the well drained Dow profile, that developed in 
deoxidized loess, was less than 1 percent to a depth of 60 
inches except for the 6-10 inch increment which contained 
1.29 percent free iron. The range of free iron values in 
the Dow profile was from 0.46 to 0.99 percent» 
Distribution of iron oxides in the Tama site (P-928) was 
measured in a few layers by micro sampling analysis. The 
sampling technique was described earlier. The objective was 
to determine the variation of free iron values within three 
depth increments. The results are shown in Table 3* The 
standard deviation obtained from the I3 free iron determina­
tions of each layer shows that there was not much variation in 
free iron in each of the layers or between the three layers 
sampled. A test of equality of variances calculated on the 
three depths suggests that free iron was distributed evenly 
in the Tama profile. The following formula was used to obtain 
the F values used in the comparison: 
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Table 3. Extractable iron percentages obtained by a micro sam­
pling technique at three depths on a Tama profile 
(P-928) from Grundy County, Iowa 
Extractable iron {%) 
Sample Depth (in.) 
no. ' 
928 25-30 30-35 35-40 
1 1.28 1.71 1.77 
2 1.31 1.65 1.49 
3 1.51 1.64 1.44 
4 1.69 1.58 1.43 
5 1.24 1.64 1.42 
6 1.73 1.57 1.37 
7 1.32 1.66 1.59 
8 1.26 1.65 1.66 
9 1.27 1.54 1.24 
10 1.30 1.90 1.29 
11 1.39 1.59 1.43 
12 1.41 1.59 1.55 
13 1.27 1.50 1.68 
Mean 1.38 1.64 1.48 
8^ 0.026 0.012 0.025 
S 0.163 0.109 0.161 
Bulk extractable 
iron {%) 1.46 I.63 1.4] 
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where = the largest variance and Sg = the smallest vari­
ance. Within the three depths sampled, free iron content from 
the bulk soil sample did not vary more than O.O5 percent from 
the mean value determined by micro probe analysis (Table 3)* 
The bulk sample and micro probe sample are not identical 
samples. Therefore, only relative comparisons of free iron 
values can be made. 
Somewhat poorly drained soils Free iron in the some­
what poorly drained soils, which include the Grundy, Macks-
burg and Mahaska series, is found primarily in concretionary 
or segregational forms with small amounts of free iron coat­
ing voids and grains. In most of these soils the free iron 
contents in the surface horizons were less than 1.1 percent 
(Figures 11-19). 
Free iron percentages from the surface to about 18 inches 
in the Mahaska profiles averaged 1.1 percent (Figures 16 and 
17). In the 18 to 40 inch increment, free iron contents were 
about 1.3 percent and below 40 inches the range in free iron 
was from 0.2 to 2,2 percent. 
Micro sampling analysis showing the distribution of free 
iron with depth gmd within a depth increment in a Mahaska 
profile are presented in Table 4. These data indicate no sig­
nificant difference with depth of the free iron between the 
25-30 inch layer and the 30-40 inch layer* Free iron content 
obtained on a bulk sample does not compare favorably to 
the average free iron value obtained by the micro 
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Table 4. Extractable Iron percentages obtained by a micro 
sampling technique at three depths of a Mahaska pro­
file (P-924) from Keokuk County, Iowa 
Sample 
no. 
P-924 
Extractable Iron (#) 
Depth (in.) 
25-30 30-35 35-40 
1 1.49 0.66 0.64 
2 1.30 1.20 1.31 
3 0.98 0.38 0.74 
4 1.10 0.64 1.32 
5 0.74 0.78 0.56 
6 1.13 1.25 0.83 
7 0.89 
C
O
 H
 
H
 0.59 
8 0.95 1.59 1.04 
9 0.93 1.21 1.45 
10 
CM O
 
H
 1.51 0.49 
11 0.94 1.60 0.78 
12 0.85 1.20 0.62 
1 3 0.94 0.90 0.98 
Mean 1.02 1.08 0.87 
s2 0.039 0.149 0.103 
S 0.198 0.385 0.321 
Bulk extractable 
iron (%) 1.23 1.10 1.45 
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sampling technique in the 25-30 and 35-^0 inch increment. 
However, the bulk values and micro samples are from different 
parts of the same layer. 
A test of the variances for differences in free iron dis­
tribution in the Mahaska profile by the micro sampling tech­
nique indicated no significant difference between the 25-30 
Inch zone and the 30-35 inch zone. But there was a significant 
difference between the 25-35 inch increment and the 35-^0 inch 
Increment. 
Bulk free iron values obtained in the Macksburg pro­
files (Figures 18 and 19) are similar to those of the Mahaska 
profiles (Figures 16 and 1?). From the surface to a depth of 
approximately 18 Inches free iron percentages ranged from 
0,83 to 1.29 percent (Figures 18 and 19). In the 18-40 inch 
zone free iron content was about 1.5 percent. Below 40 inches 
free iron ranged from 0.3 to 2.6 percent. 
Micro sample data from a Macksburg profile (P-927) are 
presented in Table 5» The mean free iron values from the 
micro samples did not vary appreciably from free iron percent­
ages on the bulk sample. An F test for the equality of the 
variances indicated that there was no significant difference 
in the distribution of free iron between the 24-30 inch zone 
and 35-^0 inch zone or the 30-35 inch zone and 35-40 inch zone. 
But there Is a significant difference between the 24-30 inch 
zone and 30-35 inch zone. 
The variability of free iron on bulk samples in the 
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Table 5» Extractable Iron percentages obtained by a micro sam­
pling technique at three depths of a Macksburg 
profile (P-927) from Madison County, Iowa 
Sample 
no, 
P-927 
Extractable iron {%) 
Depth (in.) 
24-30 30-35 35-40 
1 2.38 2.40 0.87 
2 1.70 2.03 1.26 
3 1.61 2.68 0.87 
4 1.66 1.40 0.65 
5 1.56 1.59 0.70 
6 1.56 1.12 1.03 
7 1.06 1.21 1.06 
8 1. 30 1.46 0.88 
9 1.18 1.26 
00 0
 
10 0.82 1.19 0.94 
11 1.10 0.81 1.13 
12 1.35 0.94 1.13 
13 1.28 
0
 
1—1 
1.13 
Mean 1.43 1.47 0.97 
s2 0.153 0.323 0.031 
S 0.390 0. 568 0.177 
Bulk extractable 
iron i%) 1.34 1.38 0.74 
105 
Grundy profiles was greater than that observed in the Mahaska 
and Macksburg profiles (Figures 11-19)• Grundy sites had a 
range of free iron in surface horizons of 0.63-1,43 percent. 
In the B horizon, free iron ranged from 0.93 to 2.2 percent 
but the majority of values occurred within 1.1 to 1.3 percent. 
Below the B horizon, free iron varied from 0.3-2.4 percent 
(Appendix 1). 
Micro sample data on a Grundy profile (P-916) are shown 
in Table 6. Free iron contents from bulk samples of the 30-36 
inch zone and 36-^2 inch zone do not compare favorably to the 
mean free iron from micro sample analysis. The data were from 
two different soil samples but they were taken from the same 
layer in the profile and at the same time, 
A test of variances indicated that there was a significant 
difference in the iron distribution with depth when comparing 
the 24-30 inch zone to the 30-36 inch zone and also between the 
24-30 inch zone and 36-42 inch increment. 
A comparison of distribution of free iron in the Mahaska, 
Grundy, and Macksburg soils based on an F test for equality 
of variances showed that free iron tends to be more segregated 
in Grundy soils than in Mahaska and Macksburg soils. 
Electron probe analysis on an oxidized and deoxidized loess 
sample 
Electron probe analyses were made on a sample of oxidized 
loess (60-70 inch zone of P-9I5) and deoxidized loess (50-58 
inch zone of P-917). The average total iron calculated from a 
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Table 6 . Extractable Iron percentages obtained by a micro sam­
pling technique at three depths of a Grundy profile 
(P-916) from Lee County, Iowa 
. Extractable iron (t) 
Depth (in.) 
P-9I6 24-30 30-36 36-42 
1 1.09 1.70 1.25 
2 0.62 1.06 1.28 
3 0.71 2.13 1.52 
4 0.71 1.74 1.39 
5 0.84 1.26 0.73 
6 0.73 1.86 1.94 
7 0.96 1.40 0.94 
8 0.94 1.41 2.09 
9 0.74 1.45 1.07 
10 0.80 2.11 1.07 
11 2.62 1.72 1.34 
12 2.83 1.41 1.17 
13 1.43 1.40 1.39 
Mean 1.16 1.59 1.32 
0.531 0.103 0.139 
S 0.729 0.320 0.373 
ilk extractable 
iron {%) 1.08 0.93 1.00 
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1/2 inch traverse on the electron probe chart for oxidized 
loess was 5*27 percent whereas deoxidized loess has a value 
of 2.8? (Figure 24). An average of $.27 percent for total 
iron in oxidized loess by the electron probe method was high 
in comparison to a value of 3*32 percent determined by the 
perchloric-hydroflouric method on a bulk sample of the same 
layer (Table 7). 
Table 7. Comparison of total iron percentages by the electron 
probe and perchloric-hydroflouric methods in samples 
of oxidized and deoxidized loess 
Total iron {%) 
Electron Perchloric 
Parent material probe hydroflouric 
Oxidized loess (P-917), 
in 60-70 inch zone 5.27 3.32 
Deoxidized loess (P-915)» 
in 56-58 inch zone 2.87 2.96 
Iron oxide distribution as observed in thin sections 
Thin sections were made of the 4-0-60 inch zone of a Tama, 
Sharpsburg, Mahaska, Macksburg and Grundy soil. Observations 
made using the pétrographie microscope showed that the per­
centage of prray fabric increased in the following order; 
Tama< Sharpsburg < Mahaska = Macksburg < Grundy Haig 
Flpure 24, Electron probe charts showing distribution of iron in oxidized (P-915) 
and deoxidized (P-917) loess (the scanning distance was about 1 mm) 
DEOXIDIZED LOESS 
P-917 
OXIDIZED LOESS 
P-915 
al Fe (°/o) 
10 
0 
15 
10 
0 
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Total carbon 
Total carbon was determined on all sample sites to a 
depth of 60 Inches. The data are in Appendix 1. Sites in 
this study were selected in noncalcareous loess and therefore 
total carbon values were the measure of organic carbon. The 
range in organic carbon values in the surface horizons was from 
1.12 percent in the Grundy profile on a 5 percent slope to 
3.03 percent in Kacksburg and Haig soils on a stable summit 
position. At a depth of 60 inches organic carbon ranged from 
a trace to less than 0.2 percent. 
In the better drained profiles, such as Tama (P-928) and 
Sharpsburg (P-914), organic carbon content was greater than 1 
percent to a depth of approximately I3 inches. Below I3 Inches 
there was a gradual decrease in organic carbon and at about 40 
inches organic carbon was less than 0.3 percent. 
Organic carbon values in the surface horizon of the 
Mahaska profiles (P-924 and P-925) sampled from Keokuk and 
Washington counties were 2.7 percent and 2.9 percent, respec­
tively. The percentage of organic carbon was greater than 1 
percent to a depth of 24 inches. In the 24 to 40 inch zone 
organic carbon decreased rapidly and below 40 inches organic 
carbon content was less than 0,2 percent. 
Two Macksburg profiles from Madison County had similar 
organic carbon distributions as the Mahaska profiles. The 
range in organic carbon In the surface horizon was from 2,2 
percent to 3»3 percent and decreased to 1 percent or less 
Ill 
"below 20 Inches. Organic carbon content decreased to less 
than 0.2 percent at 40 inches in one of the Macksburg pro­
files (P-927); however, the other Macksburg profile (P-926) 
had an organic carbon content greater than 0.2 percent to a 
depth of 50 inches. 
Grundy soils on stable summit positions (P-9I6, P-918 and 
P-921) contained organic carbon in the surface I3 inches that 
ranged from 1.8 to 2.0 percent and below 16 inches organic 
carbon content was less than 1 percent. There was usually 
less than 0.1 percent organic carbon below 40 inches at these 
sites. Grundy soils on sideslope positions (P-922 and P-930) 
had organic carbon values of 1.1 and 2o2 in the surface hori­
zons. In one profile organic carbon content was less than 1 
percent at 8 inches and less than I3 inches in another. 
Organic carbon values were less than 0.2 percent below 30 
inches in the sideslope Grundy profiles. 
Three Haig sites (P-9I7» P-923# P-929) were similar in 
organic carbon distribution except for the surface horizons. 
The range in organic carbon in the surface horizon was from 
3.03 to 1.91 percent. The three profiles had greater than 1 
percent organic carbon to a depth of I5 inches. In the 15-30 
inch zone organic carbon decreased rapidly and below 30 inches 
organic carbon values were less than 0.2 percent. 
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Total phosphorus 
Total phosphorus determinations were made on selected 
sites and are reported in Appendix 1. Some of the results 
are also shown in Figure 25. The Sharpsburg profile (P-914) 
and the TSL profile (P-915), both from Warren County, had 
similar phosphorus curves. The surface horizons contained 
approximately 550 ppm of phosphorus. The amount of phosphorus 
decreased in the B horizon to a value of about ^50 ppm in the 
Sharpsburg profile and 425 PPm in the TSL profile» Below the 
B horizon total phosphorus increased to a maximum of greater 
than 700 ppm in the Sharpsburg profile, P-914 (Figure 25)0 
The Grundy profile (P-916) from Lee County had about 550 
ppm phosphorus in the surface horizon but the decrease in the 
B horizon to 325 PPm was greater than that obtained in the 
Sharpsburg profile (Figure 25). A maximum phosphorus value 
obtained in P-9I6 from deoxidized loess was about 700 ppm in 
the ko to 60 inch layer. 
The phosphorus content in the profile on the Grundy site 
(P-918) from Clarke County compared favorable to the Grundy 
soil (P-916) from Lee County. Both soils contained about 550 
ppm phosphorus in the surface horizon and decreased to about 
325 in the B horizon. The deoxidized loess at about 60 Inches 
in the Clarke County Grundy soil (P-9I8) contained a maximum 
value of 850 ppm total phosphorus, whereas, the Lee County 
Grundy site (P-916) contained a maximum of approximately 750 
ppm total phosphorus. 
Figure 25* Total phosphorus (open circles) and clay content 
(closed circles) In some loess derived soil pro­
files from southern Iowa 
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The Halg profile (P-917) from Lee County contained 5OO 
ppm phosphorus in the surface horizon. Total phosphorus con­
tent decreased to 260 ppm in the B horizon at about 20 inches. 
Below the B horizon there was about 6OO ppm phosphorus in the 
Haig profile in the 48 to 55 Inch layer. Total phosphorus 
values decreased to about 200 ppm at the loess-paleosol 
contact at about 80 Inches. 
Reductant extractable manganese 
Reductant extractable manganese was determined on all 
samples in sites P-914 to P-930. The data are given in 
Appendix 1. The method used to obtain these values was 
identical to the one used to determine free iron. Usually 
free Mn was associated with free iron and occurred as stains 
In voids and pores or as concretions» 
Well drained soils The better drained profiles such 
as Tama (?-928) and Sharpsburg (?-91^) had a large variation 
in free Mn. 
In the Sharpsburg profile free Mn was greater than 0.10 
percent In the 0-29 inch zone and increased in the 39-60 
inch zone to values greater than 0.I5 percent. There was a 
rapid decrease below 60 inches where values for free Mn were 
less than 0,1 percent with the exception of the 90-96 inch 
increment which had a free Mn content of 0.11 percent. 
The Tama profile from Grundy County had free Mn percent­
ages that were less than 0.10 percent throughout the profile. 
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There was a gradual decrease from 0.08 percent in the surface 
horizon to 0.04 percent at 60 inches. 
Somewhat poorly drained soils The Mahaska profile 
from Keokuk County had free Mn contents greater than 0,10 
percent to a depth of 25 inches, whereas, free Mn percentages 
in the Mahaska profile from Washington County were less than 
0,10 percent in the 0-1? inch zone. The Keokuk County Mahaska 
site (P-924) had a large variation In free Mn below 25 Inches. 
The range was from 0.1? percent In the 83-90 Inch zone to 0,01 
percent in the 118-133 inch Increment. The Mahaska site in 
Washington County (P-Q25) also showed a lar^e variation of 
free Mn with depth. There was eui Increase from an average of 
0.90 percent in the surface layer to values greater than 0.10 
percent in the 17-30 Inch zone. Free Mn content decreased in 
the 30-60 inch zone to less ôhan 0.10 percent and Increased to 
greater than 0.11 percent in the 6O-7O inch Increment. From 
7O-8O inches there was a continued increase in free Mn to 
0,23 percent but belo% 80 Inches to a depth of 188 inches 
free Mn content decreased to less than O.O6 percent. 
The two Macksburg profiles from Madison County had 
markedly different distribution of free Mn. In sample site 
P-926 free Mn content was less than 0*10 percent to a depth of 
83 inches except for the 44-49 inch zone where a value of O.I3 
percent was obtained. In the 83-93 inch increment free Mn 
percentages were greater than 0.10 percent and below 93 inches 
all determinations were less than 0.10 percent. The Macksburg 
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site P-927 had free Mn percentages of less than 0.10 percent 
to a depth of 18 inches. In the I8-36 inch zone free Mn con­
tents Increased to an average value greater than 0.10 percent. 
From 36-63 Inches free Mn percentages were less than 0.10 per­
cent. Below 63 inches free Mn content ranged from 0.12 to 
0.03 percent. 
The two Grundy profiles (P-916, P-921) that occurred on 
slopes of 2 percent from Lee County had similar free Mn dis­
tributions. The percent of free Mn was greater than 0*10 
percent to a depth of approximately 22 Inches. Free Mn con­
tent decreased to less than 0.10 percent in the 22-40 inch 
zone in both profiles but increased to values greater than 
0.10 percent at 44 inches in P-921 and at 60 inches in P-916. 
Below 60 inches free Mn content was less than 0.10 percent. 
In general, the Clarke County Grundy site (P-9I8) had free Mn 
percentages of less than 0.10 percent to a depth of 33 inches. 
Free Mn content increased to 0,19 percent in the 33 to 44 inch 
increment. In the 44 to 67 inch zone free Mn content was less 
than 0.10 percent and Increased to 0.30 percent in the 67 to 
74 inch zone. Below 74 inches the values obtained from free 
Mn were less than 0,06 percent. The Grundy profile on the 
sideslope positions (P-922 and P-930) had similar free Mn dis­
tribution, Free Mn was higher in the lower B horizons than 
in any other part of the profiles. 
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Poorly drained soils The Halg profiles from Clarke 
County (P-929) and Lee County (P-917 seid P-923) had less than 
0.10 free Mn percentages to a depth of approximately I9 
Inches. Free Mn Increased to values greater than 0.10 percent 
at a depth of 30-40 Inches and below the 30-40 inch zone the 
majority of the free Mn determinations obtained were less 
than 0.10 percent. 
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In the well drained profiles (P-915 and P-928) pH values 
In the surface horizons ranged from 5«7 to 6.0 and decreased 
to about 5*0 in the 3 horizon (Appendix 6), Below the B hori­
zon, pH increased to values greater than 5*5 at $4 Inches. The 
pK In the well drained Dow profile ranged from 6.0 to 6.5 
throughout the profile, whereas, the pK of the moderately well 
drained Sharpsburg profile increased from 5.3 in the surface 
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The pH values in the Grundy profiles (P-9I6, P-9I8, 
P-922, P-930, and P-93i to P-935) ranged from $.4 to 6.6 in 
the surface horizons and decreased to a range of 5,0 to 5,7 at 
about 28 inches. At 60 inches the pH values in the Grundy 
profiles ranged from 5*9 to 6.3. The Mahaska profiles (P-924 
and P-925) had pH values of 5»5 smd 5*6 in the surface horizons 
and the pH deqreasen to about 4.9 at 30 Inches. Below 30 in­
ches the pH Increased from 5.2 in the 30-35 inch layer to 
about 6.6 at 60 Inches. In the Macksburz site (p-926) the pK 
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was 6.8 in the surface and decreased to about 5»7 In the 
18-59 inch zone. The Macksburg site (P-927) had a pH of 6.3 
in the surface horizon and the pH decreased to about 5»2 in 
the 12-30 inch increment. Below 30 inches the pK values in­
creased from $.6 in the 30-36 inch zone to 6.1 at $0 inches. 
The poorly drained Haig profiles (P-917, P-923» and P-929) 
had a range in pH values of 6.2 to 6.6 in the surface horizon. 
The pH decreased to a range of $.2 to 6.1 at 16 inches and 
below 16 inches the pH values gradually increased to a range 
of 6,0 to 6.9 at about 55 inches. 
Mineralogy 
The three Grundy profiles from Lee County (P-916, P-921 
and P-922) had similar K-feldspar contents below 10 inches 
(Table 8). The K-feldspar varied greatly throughout the pro­
file with a range of values from 4 to 16 percent (Figure 26). 
The Grundy site fron Clarke County contained less K-feldspar 
throughout the profile than the Grundy sites from Lee County. 
The Ca-feldspar content in Grundy soils usually was less 
than or equal to 5 percent, and the clear minerals, composed 
primarily of quartz, comprised about 80-90 percent of the coarse 
silt fraction (Figure 26). 
K-feldspar contents of the Macksbur# profile (P-927) were 
greater than in the Grundy profile from Clarke County (P-918) 
but were about the same or greater than K-feldspar values from 
the Grundy profiles in Lee County (Table 8). The Ca-feldspar 
Pleure 26. K- and Ca-feldspar and quartz In the coarse silt 
fraction of some loess soli profiles from south 
and southeastern Iowa 
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Table 8. K-feldspar in the coarse silt fraction of some 
loess soils in southern Iowa 
Deoth K-feldsoar 
(in.) {%) 
Deoth K-feldsoar 
(in.) {%) 
Death K-feldsnar 
( i^u) (3) 
Grundy (P-916) 
Lee Co. 
0-10 14 
10-40 9 
40-90 13 
> 90 
Grundy (P-9I8) 
Clarke Co. 
0-10 8 
10-40 5 
40-90 4 
> 90 
Grundy (P-921) 
Lee Co. 
0-10 9 
10-40 9 
40-90 13 
> 9 0  5  
Macksburc: (P-927) 
Madison Co. 
0-10 8 
10-40 13 
40-90 10 
> 90 
Grundy (P-922) 
Lee Co. 
0-10 9 
10-40 10 
40-90 9 
> 90 
Mahaska (P-925) 
0-10 
10—40 
40-90 
2 90 
10 
12 
12 
11 
Tama (P-928) 
Grundy Co, 
0-10 14 
10-40 15 
40-90 16 
> 90 
Marshall (P-76O, 
P-76I) 
Cass Co, 
0-10 14 
10-40 15 
40-90 16 
> 90 
Dow (P-919) 
Fremont Co. 
0-10 12 
10-40 11 
40-90 15 
> 90 
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values were less than 5 percent to a depth of 43 Inches and 
below 43 inches the Ca-feldspar content was greater than 5 
percent. Clear mineral content ranged from 80-90 percent 
throughout the profile (Figure 26). 
The Mahaska soil (P-925) generally contained more K-
feldspar throughout the profile than the Grundy and Macksburg 
profiles (Table 8). K-feldspar values ranged from 6-17 per­
cent and the Ca-feldspar content ranged from 3 to 7 percent 
throughout the profile. Clear minerals percentage ranged 
from 72-88 percent (Figure 27). 
The Tama (P-925) and Marshall (P-760 and P-76I) profiles 
contained about the same amount of K-feldspar throughout the 
profile (Table 8). These soils had the greatest K-feldspar 
content of all the sites analyzed ranging from 14-16 percent. 
The Dow profile (P-919) contained 12-15 percent K-feldspar 
throughout the profile which is greater than the Grundy and 
Macksburg soils, equal to the Mahaska soils and less than the 
Marshall and Tama soils (Table 8). 
K and Mg on the less than 1 micron clay 
Four profiles were analyzed for total K and Kg in the 
less than 1 micron clay fraction. The data are given in Table 
9 and are plotted in Figure 28, The sample sites studied were: 
two Grundy profiles from Lee County (P-916; P-92I), one 
Grundy profile from Clarke County (P-9I8), and a Mahaska pro­
file from Washington County (P-925). 
Flffure 27. K- and Ca-feldspar and quartz In the coarse silt 
fraction of a Mahaska profile (P-925) from Wash­
ington County, Iowa 
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Table 9. K and Mg percentages on the fine clay fraction of 
three Grundy profiles and a Mahaska profile; P-916 
and P-921 are Grundy soils from Lee County; P-9I8 
is a Grundy soil from Clarke County; the Mahaska 
soil is P-925 from Washington County 
Depth Mg K Depth Mg K 
(in.) % 3 ( in. ) % % 
P-916 P-921 
0-7 0.86 1.69 0-10 1.01 1.63 
10-14 0.97 1.71 10-13 0.79 1.47 
19-24 1.08 1.30 13-17 1.05 1.36 
30-36 0.92 0.96 17-21 1.04 1.28 
42-52 0.90 1.00 27-32 1.16 0.88 
6O-66 1.15 1.23 38-44 1.10 1.35 
49-54 1.14 1.43 
76-82 0.81 1.20 
P-918 P-925 
0-9 0.82 1.56 0-8 0.91 1.48 
9-13 0.87 1.43 12-17 0.83 1.29 
13-16 0.86 1.21 17-23 0.93 1.35 
16-19 1.01 1.15 23-30 1.04 1.28 
19-24 0.97 1.14 30-35 1.08 0.84 
24-29 1.03 1.19 35-42 1.10 1.02 
33-39 1.04 1.32 42-46 1.08 1.47 
JQ-Ull 1 i. 28 1.29 6C—6 5 1. 2u 1 • 52 
44-50 1. 20 1.29 75-80 1.16 1.43 
67-74 1. 20 1.32 84-90 1.20 1.45 
102-109 1.34 1.50 
119-126 1.26 1.63 
134-146 0.57 0.93 
151-157 0. 51 0.96 
165-171 0.53 0.85 
177-184 0 . 5 3  1.03 
184-188 0.56 0.78 
Flprure 28. Percent total K and Mp In the fine clay fraction 
(less than 1 micron), and percent less than 2 
micron clay In two Grundy profiles from Lee 
County (P-916 and P-921), a Grundy profile 
(P-918) from Clarke County, and a Mahaska profile 
(P-925) from Washington County, Iowa 
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Generally, Kg content of the Grundy profiles increased with 
depth from 0,90-1.00 percent in the surface horizon to 1.14-
1.21 percent in the parent material. In site P-916, the 
30-52 inch zone contained about 0.20 percent less Mp than the 
zone above or below. 
The Grundy profile from Clarke County had similar Mp 
contents as tne Grundy profile from Lee County. The maximum 
Kg content in the parent material was about 0.10 percent 
greater in the Grundy soil from Clarke County. 
In the Mahaska profile the Mg content in the 0-1? inch 
zone was about; O.9O percent. Mg contents increased gradually 
below 17 inches from 1.04 in the 23-30 Inch zone to 1.26 per­
cent at 126 inches. The pedisediment below 126 inches had 
lower amounts of Mg than the parent material. 
These results indicate that the Kg content In the parent 
material decreased about 0.10 percent from west to east across 
southern Iowa. 
The K on the fine clay was greater in the surface horizons 
Than in the B horizons at all four sites and increased with 
depth below the B horizon (Table 9). The percentage of K 
In the parent material decreased from wesc t,o east based on 
data for P-9Î7 and P-916. However, a comparison of P-9I8 and 
P-921 Indicated very little change In K content. The Kahaska 
site from Wasnlngton County contained more K In the parent 
material than any of the three Grundy profiles. 
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Lee County Traverse 
The results of the particle size analysis and organic 
carbon from the Lee County traverse are presented in Appendix 
5 and are plotted in Figure 32. Particle size analyses were 
run to the depth of sampling. Organic carbon values were 
determined to a depth of 60 Inches, 
Site P-931 was located on the highest topographic position 
in the transect at an elevation of 729 feet. The surface 
clay content falls within the silt loam limits. The upper 20 
inches of the argillic horizon contained an average clay con­
tent greater than 42 percent with a maximum clay content of 
about 50 percent. The B horizon extended to a depth of 46 
inches where the clay content decreased to approximately 32 
percent. The clay content in deoxidized loess parent material 
averaged about 28 percent. The depth to pedlsediment was 69 
inches and the A horizon of the paleosol occurred at 83 inches. 
Site P-932 was sampled 3OO feet downslope from P-931* The 
elevation at P-932 was 726,5 feet. The surface texture was a 
silt loam and the upper 20 inches of the argillic horizon con­
tained more than 42 percent clay. The maximum clay content 
was about 50 percent and occurred in the 19-24 inch zone. 
This was similar to the zone of maximum clay accumulation in 
site P-931' The clay content remained greater than 34 percent 
to a depth of 50 inches. Below 50 inches the average clay 
content was about 29 percent. Pedlsediment occurred at 72 
inches and continued to a depth of 96 inches. 
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The organic carbon, which in this case was total carbon, 
contents decreased from a surface value of l.$6 to 0.59 per­
cent at a depth of 24 inches. Below 24 inches the organic 
carbon values continued to decrease from 0.38 in the 24-28 
inch Increment to trace amounts at 50 inches. 
Site P-933 was located 375 feet downslope from P-932o The 
elevation at P-933 was 720.5 feet. The surface texture was 
in the silty clay loam ranpe which was hicrher than the surface 
textures of the other Grundy soil in the traverse. The upper 
20 inches of the arpillic horizon was preater than 42 percent 
with a maximum clay content in the 23-28 inch zone of 4? per­
cent, The clay content is greater than 40 percent to a depth 
of 52 inches. Below 52 inches there was a gradual decrease 
in the clay percentages to a depth of 74 inches. Pedisediment 
occurred at approximately 74 inches and continued to a depth 
of 95 inches. 
The organic carbon in the surface horizon was 1.84 
percent at site P-933* There was a gradual decrease in 
organic carbon from the surface to a depth of 23 inches. 
At 23 Inches the organic carbon content was O.36 percent. 
Below 34 Inches the organic carbon content was less than 0,1 
percent. 
Site P-934 was located 1200 feet downslope from site 
P-933 at an elevation of 718.4 feet. The surface texture was 
silt loam and the upper 20 inches of the argillic horizon con­
tained more than 42 percent clay. The maximum clay content 
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was about U-9 percent at a depth of 24-29 Inches. The clay 
content decreased to less than 40 percent at 35 inches, and 
at 60 inches was about 34 percent. Below 60 inches the average 
clay content was 29 percent in the deoxidized parent material. 
The pedisediment occurred at a depth of 70 inches and the depth 
to paleosol was 89 inches. 
The surface contained 1.74 percent organic carbon at site 
P-934. It was greater than O.58 percent to a depth of I9 
inches. Below I9 inches organic carbon decreased gradually 
from 0t,49 percent in the 19-24 inch increment to trace amounts 
at 47 inches. 
Site P-921 occurred on the narrow portion of the inter-
fluve at an elevation of 716.4 feet. There was a two foot 
difference in elevation from P-934 to P-921. The surface tex­
ture at site P-921 was silt loam and the upper 20 inches of the 
artçillic horizon had less than 42 percent. The maximum clay 
content was about 43 percent and occurred in the 23-28 inch 
zone. Percent clay was greater than 34 percent to a depth of 
40 inches and decreased to an average value of 27 percent in 
the deoxidized loess parent material. The pedisediment 
occurred at a depth of 82 inches and the depth to paleosol 
was 92 Inches. The organic carbon values decreased rapidly 
with depth from 1.78 percent in the surface to O.58 percent 
at 17 Inches. Below 17 Inches there was a gradual decrease 
from 0.37 percent in the 17-21 inch zone to trace amounts 
below 40 inches. 
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Site P-935 was located at the toe of the interfluve, at 
an elevation of 715.6 feet. The change in elevation from 
P-93^ and P-921 was 2.8 feet and 0.8 feet, respectively. The 
surface texture at site P-935 was silt loam and the upper 20 
inches of the argillic horizon contained more than ^2 percent 
clay. The zone of maximum clay accumulation occurred in the 
19-24 inch zone and contained 48 percent clay. The clay con­
tent was greater than 30 percent to a depth of 55 inches and 
decreased to an average of 29 percent in the deoxidized loess 
parent material. Pedisediment occurred at 75 inches and the 
depth to paleosol was 92 inches. The organic carbon in the 
surface horizon was 1.99 percent and remained above O.58 per­
cent to a depth of 24 inches. Below 24 inches the organic 
carbon values decreased gradually to trace amounts at 48 
inches. 
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DISCUSSION 
The purpose of this study was to test soil properties 
"Which mi%ht be used to auponent oresent criteria in the 
separation of loess soils that merpe on the landscape in 
southern Iowa. Soils of primary concern included the Grundy, 
Macksburp and Mahaska series. It has long been known that 
organic carbon and iron oxides are important soil properties 
that influence soil color. Soil colors are diagnostic in 
msiny soils but can be influenced by a "combination of 
factors" over a long period of time. These combinations 
of factors affecting field observable soil properties were 
studied. 
Aeration Porosity and Free Iron Distribution 
Extensive field observations have been made concerning 
the occurrence and distribution of iron oxides in loess de­
posits of southern Iowa. Hunge (I963) related free iron 
to drainage classes based on its distribution throughout the 
profile but little emphasis was placed on the distribution of 
free iron within a depth increment. deLeon (I96I) related 
natural drainage class and soil color and found that greenish 
gray and bluish-gray colors indicate poor drainage. But again 
little emphasis was placed on the distribution of iron oxides 
within a depth increment. Those studies showed that natural 
soil drainage was related to soil color. Soil color is related 
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to aeration porosity (Acra and Weed, I965), and with this in 
mind aeration porosity as a series criterion was investigated. 
The basic problem under investigation was the separation 
of Grundy areas from Mahaska and Macksburp: areas. The approach 
used was to test the effect of iron oxide distribution. There­
fore, the sites selected included oxidized soils as well as 
deoxidized soils. 
A Tama profile from Grundy County Iowa was sampled to 
represent oxidized soils. The iron oxides are uniformly dis­
tributed In this profile. Acra and Weed (I965) found that more 
aggregation occurred when the iron oxides were evenly distribu­
ted in a soil profile. It is possible from this premise to 
conclude that as the degree of aggregation Increased so would 
aeration porosity. The highest aeration porosity values de­
termined In this study were obtained from the Tama soil 
(Figure 2 9A ) .  
The significance of the relationship of iron oxide dis­
tribution and aeration porosity to the problem of separating 
Grundy, Mahaska and Macksburg soils was also tested. These 
soils developed from deoxidized loess. Deoxidized loess in 
southern Iowa r^nerally occurs where the loess thickness is 
less than I3 feet (Ruhe, 1969a). It is characterized by iron 
oxides that form mainly as tubules, segregations, nodules or 
concretions. Some diffuse iron oxides occur In the soil matrix 
but the dominant; soli matrix color is prray. The gray color 
results from low Iron oxide content. 
Figure 29. Non-capillary voids, capillary voids and volume 
of solids vs. depth in a Tama, Macksburp, Mahaska, 
and Grundy profile 
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The measurement of aeration porosity indicated that a 
break for separation of Mahaska and Macksbur^ from Grundy 
could be made at an aeration porosity of 5 percent (Figure 29)» 
The Macksburg and Mahaska series had greater than 5 percent 
aeration porosity values to a depth of kO inches. The Grundy 
series had less than 5 percent aeration porosity values below 
about 23 Inches. 
Free iron distribution was determined on selected layers 
of the Grundy, Mahaska and Macksburg profiles of known aeration 
porosity values. This was done to determine if free iron dis­
tribution is related to aeration porosity. The results of I3 
determinations at 3 depth increments indicates that the non-
uniformity of iron oxide distribution is greatest in the 
Grundy series and less in Mahaska and Macksburg series. This 
suggests that iron oxide distribution and aeration porosity 
values are directly related. In addition, these values indi­
cate that the percentage of gray colors Is related to aeration 
porosity. As the amount of gray colors increased aeration 
porosity decreased. The amount of gray matrix colors may prove 
a more useful series criterion than aeration porosity when more 
measurements are obtained. 
Thin section analysis of the Grundy, Macksburg and Mahaska 
series showed how iron oxides were distributed in the 30-40 
inch zone of each profile. When viewed through a pétrographie 
microscope, the iron oxides in these zones occurred primarily 
as segregations and nodules. There were more diffuse iron 
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stringers in the Mahaska and Macksburg profiles than was ob­
served in the Grundy profile. 
Electron probe analysis showed how the iron was distribu­
ted in selected layers of a Tama and a Haig soil. The Tama 
soil developed from oxidized material and the electron probe 
analysis indicated a hiph percentage of iron oxides evenly 
distributed throughout a 0.5 inch increment. The Hais profile 
developed in deoxidized material and had a much greater range 
of iron oxide percentages. This indicates the more poorly 
drained Kaig profile contained much more gray fabric and more 
iron oxide segregation than the Tama profile. 
Clay 
Though aeration porosity and free iron distribution of 
percentage of gray fabric may be criteria that could be used 
to separate Mahaska and Macksburg soils from Grundy soils, 
these criteria would not separate the Grundy series into 
two units. Other criteria need to be considered if such a 
separation is to be made. Generally in Grundy areas the soils 
on sideslopes and lower interfluves lack ad.equate clay content 
in the B horizon to qualify for the Grundy series. Such soils 
seem to be a component of the present Grundy series. For in­
stance, in Clarke and Ringgold counties the majority of the 
Grundy soils were in the 4-8 percent slope group (Table 9a). 
These 4-8 percent slope Grundy soils usually have clay percent­
ages in the r. horizon that are outside of the defined range 
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for the series. In this study, sample numbers P-922 and P-930 
are such Grundy profiles (Table 10), Three other Grundy pro­
files, P-916, P-918 and P-921, of narrow summit positions 
also have B horizon clay content minimal for the Grundy series. 
Thus narrow summit and sldeslope positions tend to lack ade­
quate clay to qualify for Grundy series based on B horizon clay 
criteria. If these "minimum" clay Grundy soils are excluded 
from the Grundy series a new series should be considered. 
Additional criteria may also be considered. Data obtained in 
the study indicate that two slope groups of the Grundy series 
could be separated using a ratio of the maximum clay in the 
B horizon to the minimum clay In the A horizon (Table 10). 
The 4-8 percent sloping phases of Grundy soils iP-922 and P-
930) tend to have lower B/A clay ratios (less than 1.40) than 
the 2-4 percent sloping Grundy soils which have B/A clay ratios 
greater than 1,60, In addition to the B/A clay ratios, the 
depth to the maximum clay content could be considered as a 
criterion. In the 4-8 percent Grundy soils the depth to clay 
maximum is less than 16 Inches, whereas the Grundy soils of 
more stable positions have maximum clay content at a depth 
greater than 22 Inches (Table 10). 
These data indicate that B/A clay ratios and depth to 
clay maximum may be used as criteria to separate stable Grundy 
positions from sldeslope positions. In this study, since only 
ten Grundy sites were studied. It seems that more sites need 
to be investigated before the Grundy series can be separated 
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Table 9a. Aerial extent of the Grundy series in Clarke and 
Ringgold counties from 1936 to 1957 
Acres of 
County Year 
Slope 
% 
Grundy 
soils Estimated by^ 
Clarke 1957 2-4 13,753 Stat sample 
Clarke 1957 4-8 24,348 Stat sample 
Ringgold 1957 2-4 20,364 Stat sample 
Ringgold 1957 4-8 31,276 Stat sample 
^Soll Survey files, Department of Agronomy. 
into two units. However, B/A clay ratios and depth to clay 
maximum are criteria that should be considered in this 
separation. 
Solum clay ratios may prove to be useful as a criterion 
to separate gentle slope or summit Grundy soils from Kahaska 
and Macksburg soils. Data from this study indicate that 
Mahaska and Macksburg soils have B/A clay ratios less than 
1.40, whereas all the Grundy soils of this study have B/A clay 
ratios greater than 1.42, except one sideslope Grundy profile 
(P-930)* Calculations of the B/A clay ratios from previous 
studies confirm this difference of "stable" Grundy soils from 
Mahaska and Macksburg soils (Hunter, 1950; Runge, I963; 
Diderlksen, I966), Four Macksburg profiles show a range of 
B/A clay ratios of 1.22-1.2?. The range in B/A cLay ratios 
Table 10. Comparison of the B/A clay ratios, depth to 1% organic carbon, and depth 
to B maximum clay content In Grundy, Macksburp; and Mahaska profiles 
Series 
Sample 
no. 
Slope 
% 
% clay 
A mln. B max. 
Grundy P-931 1-2 24.2 48.6 
Grundy P-932 1-2 21.3 49.3 
Grundy P-933 1-2 26.8 46.9 
Grundy P-934 1-2 21,1 50.3 
Grundy P-935 1-2 25.9 48.3 
Grundy P-916 2—4 25.$ 42.0 
Grundy P-921 2-4 26.2 42,5 
Grundy P-9I8 2-4 24.2 41,2 
Grundy P-930 4-8* 33.7 42.5 
Grundy P-922 4-8* 31.0 43.9 
Macksburg P-926 28.5 36,1 
Macksburg P-927 32.6 39,8 
Mahaska P-924 29,9 41.9 
Mahaska P-925 30 08 38,9 
B/A Depth to Depth to 
clay B max. 1^ O.C, 
ratio clay (In.) (In.) 
2.05 
2.31 
1.75 
2.38 
1 .86  
1.65 
1.62 
1.70 
1.26 
1.42 
1.27 
1.22 
1.40 
1.26 
23 
22  
26 
27 
22 
22 
25 
27 
15 
16 
32 
27 
27 
27 
14 
8 
13 
10 
19 
14 
19 
13 
13 
8 
22 
27 
21 
20 
Range's Data (I963) 
Macksbury 
Macksbur# 
Mahaska 
Mahaska 
P-717 
P-720 
P-711 
P-715 
32.6 
30,9 
29.9 
30.8 
39.B 
38.1 
41.9 
38.9 
1.22 
1.23 
1,40 
1,25 
27 
28 
27 
27 
27 
23 
21 
20 
^Sldeslope positions. 
Table 10. (Continued) 
Series 
Sample 
no. 
Slope 
% A mln. B max, 
B/A Depth to Depth to 
clay B max. 1^ O.C, 
ratio clay (In.) (in.) 
Dlderlksen's Data (I966) 
Mahaska 
Mahaska 
Mahaska 
Mahaska 
Mahaska 
Site 5 
Site 7 
Site 17 
Site 28 
Site 36 
29.2 
30.2 
32.6 
30.6 
2 6 . 2  
40.4 
39.4 
38.3 
38.2 
37.8 
1.38 
1.31 
1.17 
1.25 
1.40 
25 
25 
21 
21 
24 
25 
25 
21 
30 
Hunter's Data (1953) 
Mahaska P-261 30,8 38,2 1.24 I9 
Mahaska P-262 29.2 39.3 1.34 20 
Mahaska P-263 30.9 38.5 1.24 23 
Grundy P-264 26,5 44.1 1.66 21 
of the Mahaska profiles was from 1.17-1.^0 (Table 10). These 
ratios are less than the B/A ratios of Grundy series on stable 
upland. 
Based on these data, the B/A clay ratios may be used as a 
criterion for separation of the stable Grundy soils from 
Mahaska and Macksburg soils. However, the depth to maximum 
clay in the B horizon cannot be used to separate these soils. 
The depth to clay maximum in the Macksburg profiles ranged from 
27-32 inches, and in the Mahaska soils the depth to clay maxi­
mum was 19-27. In the Grundy soils the depth to B maximum 
ranged from 22-27 inches. Thus the depth to clay maximum over­
laps and would not be a satisfactory criterion. The depth to 
clay maximum may be a useful criterion, however, to separate 
Mahaska, Macksburg and stable Grundy from "sideslope" Grundy 
soils. 
Chemical Composition and Mineralogy 
Organic carbon 
The use of depth to 1 percent organic carbon as a cri­
terion may also have application to separation of the Grundy 
soils from the Macksburg and Mahaska soilso Data from this 
study indicate that the depth to 1 percent organic carbon in 
the Grundy series is less than I9 Inches, but the depth to 1 
percent organic carbon in the Macksburg and Mahaska series is 
greater than 20 inches (Table 10). Previous studies on Macks­
burg and Mahaska profiles showed similar results (Runge, 
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1963; Dideriksen, I966). 
Another aspect concerning organic carbon is its relation­
ship to aeration porosity, especially in the 10-40 inch zone 
of the Grundy, Mahaska and Macksburg profiles (Figure 30). 
The organic carbon content in the Grundy soils are less than 
in the Macksburg and Mahaska soils. These same relationships 
•were also observed for aeration porosity. Grundy soils have 
lower aeration porosity values than the Macksburg and Mahaska 
soils. Comparison of the organic carbon and aeration porosity 
indicates that as the percentage of organic carbon in a profile 
decreases the aeration porosity decreases. Organic carbon is 
associated with dark colors. These dark colors may be a useful 
criterion to separate the Grundy soils from the Macksburg and 
the Mahaska soils. 
The depth to 4/2 colors may be the criterion needed for 
this separation. These colors probably reflect the amount of 
organic carbon in the soil. Comparison of the depth to 4/2 
colors in Mahaska, Macksburg and Grundy soils indicates that 
the 4/2 colors are at 24-30 inches in the Mahaska and Macksburg 
profiles, but at 17-21 inches in the Grundy profiles (Table 11), 
This suggests that when 4/2 colors are below 21 inches, the 
soil would contain more characteristics of the Mahaska and 
Macksburg series than the Grundy series. 
The B/a clay ratios in Grundy soils, except sideslope 
Grundy, are usually greater than 1.40 and in Mahaska and Macks­
burg soils these ratios are less than 1.40. The depth to 
Fip-ure 30. Relationship of aeration porosity and organic 
carbon in two Grundy profiles (P-92I and P-922), 
a Mahaska profile (P-924) and a Macksburp; pro­
file (P-926). 
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Table 11. Organic carbon, aeration porosity and color (chroma/ 
value) in three loess profiles from southern Iowa 
Total Aeration 
Sample Depth carbon porosity Chroma/ 
Series no. (in.) % % value 
Grundy P-921 
Mahaska P-924 
Macksburg P-926 
0-10 1.78 10.0 2/1 
10-13 1.09 2/2,3/2 
13-17 0.58 12.7 3/1,4/2 
17-21 0.37 10.5 4/2 
21-28 0.22 2.9 
28-32 0.23 4.4 
32-38 0.16 3.8 
38-44 0.07 2.7 
44-49 0.07 2.3 
49-54 0.03 1.8 
43-59 0.02 1.7 
0-7 2. 66 6.2 2/1 
7-13 2.03 2/1 
13-18 1.30 11.9 3/1 
18-24 0.96 10.2 3/1 
24-30 0 = 51 9.8 4/1,4/2 
30-35 0.31 35-40 6.5 
40-51 0.14 3.8 
51-61 0.10 2.9 
0-8 2.72 10.8 2/1 
8-13 2. 21 10.9 3/1 
13-18 1.76 11.6 3/2 
18-25 1.18 12.4 4/2 
25-30 0.63 10.4 4/2 
30-34 0.39 7.9 
34-39 0.19 5.6 
39-44 0.14 4.4 
44-49 0.07 5.1 
49-54 0.09 3.4 
54-59 0.11 2.0 
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1 percent organic carbon in the Macksburg and Mahaska soils 
is greater than 20 inches. Aeration porosity values are 
less than 5 percent below about 23 inches in the Grundy soils 
(Table 11), but in the Mahaska and Macksburg soils aeration 
porosity values are greater than 5 percent to a depth of 40 
inches. Comparison of B/A clay ratios, aeration porosity and 
depth to 1 percent organic carbon in these three series indi­
cates that as the depth to 1 percent organic carbon Increases, 
the B/A clay ratios decrease and the aeration porosity in­
creases. Deviation from this relationship occurs on the side-
slope Grundy sites. These soils may have similar B/A clay 
ratios as those calculated on the Macksburg and Mahaska soils 
but have shallower depths to clay maximum, less than 1 percent 
organic carbon values and less than aeration porosity. 
Total phosphorus 
a A «-S vs v-» ^ ^ ^ o ^  ^  1 ^ ^ ç» vw o ^  * 
^ ^ ^  ^ CM aw*. W W * * W> WA A W W A W V/ 
prove to be an Important criterion in separation of Grundy 
soils from Mahaska and Macksburg soils. Limited data indicate 
that Grundy soils have less total phosphorus throughout the 
solum than Mahaska and Macksburg soils (Figure 31)• 
In Grundy profiles from Lee and Clarke counties, total 
phosphorus values are less to a depth of 24 Inches than values 
on Macksburg and Mahaska obtained from previous studies 
(Runpe, 1963). These date probably reflect orcranic carbon 
percentages In the profiles. Grundy soils contain less 
Flpcure 31. Total phosphorus In two Grundy profiles (P-916, 
p-9I8), a Mahaska profile (P-715) and a Macks-
burp; profile (P-717). 
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organic carbon In the surface horizon than do Mahaska and 
Macksburg soils (Table 11). Organic carbon percentages also 
decrease more rapidly in Grundy profiles than in Mahaska and 
Macksburg profiles. This would indicate that there might be 
more phosphorus tied up in the organic form in Mahaska and 
Macksburg profiles than in Grundy profiles. Below 24- inches 
there is a rapid increase of total phosphorus in all of these 
sites. The four profiles contained similar amounts of total 
phosphorus at a depth of 4$ inches (Figure 31), 
Total phoshporus is also related to clay distribution 
in a soil profile (Figure 25)« The total phosphorus decreased 
as the clay content in the 3 horizon increased. Usually the 
"area" between clay and total phosphorus curves increased 
from Macksburg and Mahaska soil to Grundy soils. More phos­
phorus determinations are needed before the "area" concept 
can be evaluated as a series criterion. 
Total phosphorus can serve also in identification of a 
paleosol. There Is a marked decrease in total phosphorus at 
the loess paleosol contact (Figure 25). 
Mineralogy 
The usefulness of K-feldspar in series separation was 
evaluated using the K-feldspar content in the coarse silt 
fraction in some loess soils from southern Iowa. Regional 
trends had Indicated that the K-feldspar decreased from west 
to east across Nebraska, Iowa and Illinois (Wells and Rlecken, 
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1969). But the variation of K-feldspar in a soil association 
area had not been investigated. 
The data froa this study supports the concept of decreas­
ing K-feldspar content from west to east when only the Marshall 
(P-760 and P-76I), Dow (P-919), Macksburg (P-927) and Grundy 
(P-918) soils are compared. However, when the K-feldspar con­
tent of the four Grundy profiles are compared the trend of the 
K-feldspar is reversed. The Grundy profile from Clarke County 
(P-9I8) contains less K-feldspar than the three Grundy pro­
files from Lee County (P-9I6, P-92I, P-922). 
The K-feldspar content of the Tama (P-928) and Marshall 
(P-960, P-761) soils are about the same which would contradict 
the regional trend concept of K-feldspar distribution. The 
Mahaska soil (P-925) from Washington County contains more K-
feldspar than the Grundy soils in Clarke County or Lee County 
and this contradicts the regional K-feldspar distribution con­
cept, It is thought that at the Mahaska and Tama sites loess 
sediments are mainly from the lowan Erosion surface. In 
extreme southeastern Iowa the loess sediment may be from 
source areas other than the lowan Erosion surface. 
Data are too limited to indicate whether K-feldspar 
mineralogy can be used to separate the Grundy series into 
two units or from either Mahaska or Macksburg series. 
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K and Mp In the fine clay ( 0,001 
In this study the K and Mp: in the fine clay were mea­
sured to determine if there was a significant difference in 
Mg or K content throughout the profiles that could be used to 
differentiate between the Grundy, Macksburg and Mahaska soils. 
These data showed distinctive trends in the distribution of K 
and Mg in the fine clay but the values were so similar between 
profiles that a separation of Grundy from Mahaska could not be 
made (Table 9)* The number of sites sampled was small and 
additional K and Mg values are needed to evaluate trends that 
may be used on the series level in classification. 
Four profiles were analyzed for total K and Mg in the 
fine clay fraction (Table 9)» Decreasing values for Mg with 
depth in the profile were apparent In the Grundy and Mahaska 
profiles but the Mg contents in the profiles were 
similar. Grundy soils generally had less Mg throughout the 
profile them did Mahaska soils . 
Values for K showed a decrease from the A horizon to a 
minimum in the upper B horizon, and an increase to the C hori­
zon in all four sites (Table 9)• Though not striking, the 
Mahaska profile contained greater percentages of K in the fine 
clay throughout the profile than did the three Grundy profiles. 
This would indicate that the sediments comprising the parent 
material of the Mahaska profile may have undergone less 
weathering. 
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Manganese and pH 
Manganese distribution in loess derived soils is somewhat 
related to drainage. Under prairie vegetation Riinpe and 
deLeon (I96O) found that manganese was evenly distributed 
with depth in well drained soils, but with increased wetness 
of the soil profile, manganese was apparently lost from the 
A horizon to the B horizon. Grundy, Mahaska and Kacksburg 
soils are within the same drainage class, being somewhat 
poorly drained. There is an increase in manganese in the lower 
B horizon of Grundy soil, but there is not a significant change 
between manganese in the lower B horizon of Mahaska and Kacks­
burg in comparison to Grundy soil. Therefore, separation of 
these soils at the series level using free manganese as a 
criterion is not possible. 
Combination of Soil Properties 
A single soil property is often the only criterion needed 
to differentiate between two series. However, when this soil 
property is not sufficient for series separation other soil 
properties or combination of properties must be evaluated. 
The Soil Survey Manual states that; "The influence on soil 
behavior of any one characteristic, or variation of any one, 
depends upon the others in the combination.Thus, if one 
criterion, such as clay content, is not sufficient for series 
^Soil Survey Manual, p. 8. 
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separation, other soil properties or combination of soil 
properties should be significantly different or the series 
separation should not be made. 
In this study, Grundy soils on lowered interfluves and 
sideslope positions contained about the same amount of clay 
as Mahaska and Macksburp soils. Therefore, clay content is 
inadequate for the separation of Grundy soils from Mahaska 
and Macksburp: soils and must be augmented by other soil proper­
ties. Using combinations of soil properties there may be a 
greater difference between two series than when one soil 
property is evaluated. 
In Tables 10, 11 and 12, similarities and differences in 
Macksburg, Mahaska and Grundy soils are indicated through 
selected properties. When viewed individually, it is evident 
that each soil property is related to and in part governed by 
the other soil properties of the soil systems These data in­
dicate that high organic carbon contents extend to a greater 
depth in Mahaska and Macksburg soils than in Grundy soils. 
The difference in organic carbon Is reflected in bulk density 
of the three soilso Macksburg and Mahaska have lower bulk 
densities than Grundy soils. Organic carbon and bulk density 
are related to aeration porosity in that Mahaska and Macksburg 
soils have higher aeration porosity than Grundy soils in the 
20-30 inch increment of the profiles. 
Total phosphorus is also a soil property that may be used 
to differentiate between Mahaska, Macksburg and Grundy soils. 
Table 12. Soil properties and landscape position for the Macksburg, Mahaska, and Grundy series 
Depth Aeration phosphorus 
content to \L Bulk B/A porosity ^' to max. 
B hori- total density clay TA) ABC clay 
Series Landscape zon carbon g/cc ratio 20"-30" horizon horizon horizon content 
Macksburg Summit 1 36-40 20" 1.30 1.3 10.4 650-750 450 650 27-32 
(P-926) Summit 2 
S ides lope 
Mahaska Summit 1 39-42 20" 1.34 1.4 9.8 650-750 450 650 21-25 
(P-924) Summit 2 
S ides lope 
Grundy Summit 1 41-44 19 1.43 1.7 3.6 600 350 625 22-27 
(P-92r. Summit 2 19 1.43 1.4 3.6 27-27 
(P-922 S ides lope 13 1.56 1.4 2.9 15-16 
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In all three soils total phosphorus is higher in the A and C 
horizons than in the B horizon (Table 12) and they have a 
degree of similarity. However, Macksburg and Mahaska soils 
have greater total phosphorus in all horizons than the Grundy 
soil, and this comprises a difference. In the B horizon of 
Grundy soils total phosphorus Is less than 350 ppm which may 
indicate that total phosphorus is a factor limiting plant 
growth0 Plant growth governs the amount of organic carbon 
content in a profile which is reflected in soil color. Soil 
color is Influenced by a combination of soil properties but 
it can be used as a series criterion in the field. 
This analogy indicates how organic carbon and/or soil 
color could be used to augment clay content in the separation 
of the Grundy, Macksburg and Mahaska soils. The cause and 
effect relationships that influence the organic carbon dis­
tribution must include aeration porosity and phosphorus. It 
is the influence of all of these soil properties that enables 
the color of the soil profile to be used as a series criterion. 
Soil and Landscapes 
Traverse study 
The relationship of soil profile development to landscape 
position has been extensively studied in loess soils of Iowa 
(Daniels, 1957; Dideriksen, I966; Huddleston, I969). It has 
been shown that pedogenesis and geologic processes can be 
explained from profile analysis (Huddleston, 1969; and new 
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series may result when soils develop in exhumed parent 
materials (Diderlksen, I966). However, little has been done 
to obtain information pertaining: to B/A clay ratios, depth to 
maximum clay cortent, depth to 1 percent organic carbon and 
depth to paleosol measurements on a loess traverse in the soil 
association area where the Grundy series occurs. With this in 
mind a traverse was made In Lee County, Iowa (Figure 32). 
The traverse included four sites from the most stable 
portion of the landscape (P-931 to P-93^)t one from the lowered 
interfluve (P-921), one from a sldeslope (P-922), and (P-935) 
from a topslope position (Figure 33)» The soils from the 
stable udand were in the upper limits of the Grundy series 
as regards clay content and the R/A clay ratios were greater 
than 1.80. The sldeslope and lower interfluve sites had B/A 
clay ratios of less than I.60. If a separation of the Grundy 
series was made on the basis of the B/A ratio the break would 
be approximately 1.70 (Table 11). The depth to maximum clay 
was greater than 22 inches in all the Grundy sites except the 
sldeslope Grundy profiles (P-922 and P-930). This would in­
dicate that erosion has removed some of the surface material 
at these sites causing: the 3 horizon to occur closer to the 
soil surface. The depth to clay maximum could prove useful in 
separating soils on the sideslopes from those on stable 
summits in most loess areas (Table 11). 
Many of the observations and landscape relationships in 
the Lee County traverse also occurred in other areas of loess 
Figure 32. Loess traverse from Lee County, Iowa 
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soils in southern Iowa. A transect through the Marshall soil 
association area was made in cooperation with the Soil Con­
servation Service Staff of Iowa by the Soil Survey Laboratory 
located in Lincoln, Nebraska (Lacy Harmon, personal communi­
cation) . The sample sites included moderate broad upland 
summits, somewhat stable summits and unstable sideslopes. The 
A horizons on summit positions were from 23-26 inches thick. 
In all sites the clay content decreased with depth. On 
the unstable sideslope position the 10 inch A horizon aver­
aged 32 percent. The 3 horizon was 37 inches thick and con­
tained an average clay content of 30 percent. The C horizon, 
from 47-77 inches, had an average clay content of about 27 
percent. 
Seymour soils were sampled along a traverse in the Adair-
Seymour-Edina soil association area. Similar relationships 
between clay content and the summit and sideslope positions 
In the Marshall transect also occurred in the Seymour transect, 
'^'he A horizon on the somewhat stable summit position was 13 
Inches thick. The 3 horizon occurred at 17-22 Inches and con­
tained 53 percent clay. The C horizon occurred at 45-77 Inches 
and contained an average of percent clay. A paleosol 
occurred below 77 Inches. On the unstable sideslope site the 
A horizon was 11 Inches thick and contained about 33 percent 
clay, which was 5 percent greater than the clay content in the 
A horizon of the somewhat stable summit position. The maximum 
clay content In the R horizon was $2 percent at 16-19 inches 
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and occurred 4 inches closer to the surface than the clay 
maximum in the somewhat stable summit site. In the C horizon 
the clay content was 40 percent. 
Comparison of the Lee, Marshall and Seymour transects 
indicates that as the slope increased the depth of mollic 
colors and depth to clay maximum decreased. The thickness of 
the B horizon was greater in the stable summit positions than 
on the sideslope position. These observations follow the 
Ruhe, Daniels and Cady (196?) concept of landscape evolution. 
On the stable uplands the soil develops practically unmodified 
by erosion. The soil landscapes on slopes of uplands become 
truncated and a new cyclic soil landscape will develop con­
temporaneously with progressive upslope truncation. The 
soils on these landscapes will not have the expression of 
development in the 3 horizon as was observed on the stable 
uplands. Ultimately the old landscape will be beveled with 
an impression of a new cycle of soil genesis and this may be 
what is occurring presently in the lower interfluve position. 
Geoir.or'ohic aspects 
At present the relationship between landscape position 
and geomorphic surfaces in the Grundy areas have not been 
worked out and in this dissertation no attempt was made to 
do so. However, some interesting geomorphic aspects have 
been developed from this study. 
Landscape models have been used to illustrate association 
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of soils, landscapes and selected soil forming factors for the 
Grundy, Mahaska and Macksbur# soils (Simonson, Riecken and 
Smith, 1952; Oschwald et al., I965)• Three examples of these 
are reproduced in Figure 33» Mahaska and Macksburg soils are 
shown on high summit 0 to 4 percent slope positions. Grundy 
is shown on similar landscapes, but also on sideslopes, 
A new model for Grundy is proposed here from the data in 
this study (Figure 3^)• The model would include a lower inter-
fluve position as well as sideslope position. The lower inter-
fluve area may be separated from the Grundy series and a new 
series established which would include the sideslope and 
lower Interfluve positions. 
Construction of a Classification System 
A soil classification system is a means of separating soils 
on the landscape but can be restricted by technology and the 
approach used to establish the system. There have been many 
approaches used in establishing a soil classification system. 
Leeper (195^) used an artificial system, which is really a 
closed system, to explain the whole soil; however, the approach 
has really not been tested. Kubiena (1958) favored a natural 
system where the whole soil was classified on all properties 
of formation in nature. These approaches used in soil classifi­
cation are either too restrictive or too broad. An alterna­
tive to these approaches would be the 7th Approximation. 
The 7th Approximation is a multiple category soil 
Fip-ure 33. Three dimensional drawings of the landscape In the Grundy, Mahaska and 
Macksburg area as presently understood 
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Figure 34, Proposed landscape model for Grundy area 
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classification system where the soil properties are selected 
with a genetic bias in all categories. The hipher categories 
in the 7th Approximation are restricted. However, on the 
series level there are very few restrictions. Therefore, most 
problems in classification can be resolved in this category. 
The problem at the series level is the establishment of soil 
properties that are predictable and yet related to landscape 
position. At present certain soil properties, such as total 
phosphorus and aeration porosity, are not used on the series 
level in the 7th Approximation classification system. If they 
are accepted, it may be possible to separate additional series 
or to impose limits in transition areas to differentiate be­
tween two series. 
Significance to the 7th Approximation 
In any new classification system there are certain limits 
which need to be revised as more Information becomes available. 
The 7th Approximation is not an exception. One problem in 
classification pertinent to this study involves the Pachic 
subgroup. The Pachic subgroup is defined in South Dakota as 
having a molllc epipedon extending to a depth of greater than 
20 inches (U.S. Soil Survey Staff, 1967)» A mollic epipedon 
is defined by greater than 0.58 percent organic carbon with 
colors no lighter than 3.$/l. At present the Pachic subgroup 
is only used in extreme western Iowa and then only with the 
Ustolls (John Worster, personal communication). 
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The Grundy, Macksburg and Mahaska soils are currently 
classified with the Aquic Argiudoll subgroup: 
Grundy Aquic Argiudoll 
Macksburg Aquic Argiudoll 
Mahaska Aquic Argiudoll 
If new limits were established for the mollic epipedon so that 
the Pachic subgroup could be extended into central Iowa, a 
seoaration of these soils into different subgroups could be 
accomplished. The new limits that might be chosen are the 
depth to 1 percent organic carbon and kneaded colors of 3*5/1» 
This would require that choices be made between Aquic and 
Pachic properties. Many of the soils such as Grundy which are 
now Aquic could be retained as Aquic or placed in the Typic 
subgroup. Other soils like Mahaska and Macksburg which are 
now in the Aquic subgroup would be changed to the Pachic sub­
group because they would qualify in the organic carbon cri­
terion. If both Aquic and Pachic properties were retained a 
new term as Pachaquic could be used. 
Thus by addition of the Pachic subgroup to Iowa the 
Gr^ondy, Macksburc: and Mahaska series might be : 
Grundy Aquic or 
Typic Argiudoll 
Macksburg Pachic or 
Pachaquic Argiudoll 
Mahaska Pachic or 
Pachaquic Argiudoll 
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Proposed Solution 
The problem of separation of Grundy soils on lowered 
interfluves and sideslopes from Mahaska and Macksburg series 
or the separating of the Grundy series into two series can be 
resolved. From data obtained in this study Grundy soils of 
stable summits and some lowered interfluves would be separated 
from Macksburg and Mahaska soils by using depth of organic 
carbon, aeration porosity criteria and B/A clay ratios as diag­
nostic series criteria in addition to clay content. These 
properties would be especially useful in the border areas 
where clay content is minimal for the Grundy of the stable 
summits. Soils currently mapped as 4 to 8^ slope Grundy and 
identified here as Grundy-X soils should be separated as a 
new series. Grundy-X soils can be separated from Mahaska and 
Macksburg soils using depth to 1 percent organic carbon and 
depth to clay maximum as criteria. They could be separated 
from stable Grundy using depth to clay maximum and 3/A clay 
ratios. 
Further Testing and Research 
The basic objective of this study was to obtain informa­
tion pertaining to soil development and landscape position 
with special attention given to the Grundy series. The next 
step is to develop and test models which can explain the effect 
of landscape evolution on pedogenesis of these variations in 
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the Grundy soils. This should include a detailed study of an 
area to establish methods that could be used to evaluate 
stepped sequences or relationships between stable uplands, 
lowered interfluves, and sideslopes in landscape dissection. 
Some of the ralneralogical and chemical analyses made in 
this study are in need of further verification of their use­
fulness as series criteria. Field determination of depth to 
B maximum and depth to approximately 1 percent organic carbon 
are among those needing further evaluation. The use of these 
criteria along with percentage of gray fabric should give a 
better understanding of how soils relate to each other on the 
landscape. 
The problem of using a single criterion in separation of 
soils on the series level in the 7th Approximation also occurs 
in the separation of soils on the subgroup level, especially 
when the subgroup is Pachic and the criterion is organic carbon. 
An example could be when the Kaplustolls merge with Arpriudolls. 
Haplustolls are generally confined to the extreme western part 
of Iowa and include subgroups Typic, Aquic, Cumulic and Pachic 
along with others not listed. The Typic subgroup, in addition 
to other characteristics, has a mollic epipedon less than 20 
inches thick as does the Aquic subgroup. This differs from 
the typic Hapludolls in that these soils have a mollic epipedon 
less than 24 inches thick. The Cumulic and Pachic subgroups 
have mollic epipedons greater than 20 inches thick in the 
Haclustolls nut the organic carbon is distributed irregularly 
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with depth in the Cimulic subgroup and regularly in the Pachlc 
subgroup. 
Currently, Argludolls of Iowa are subdivided into Typic 
and Aquic subgroups. If the Pachic subgroup of Udolls were 
used, soils such as Mahaska and Macksburg series could be 
placed in the Pachic subgroup instead of the Aquic subgroup. 
Pachic implies a defined range of organic carbon content and 
thickness and Aquic implies a somewhat poor natural drainage 
class. As drainage class identification is generally con­
sidered to be important in use and management of soils, it 
would be advantageous to have a combination of Pachic and 
Aquic attributes in a subgroup of the Argludolls. 
The limit that defines the Pachic and Cumulic subgroups 
imposes another problem, especially in the boundary area where 
two series merge. The problem imposed is the limit of the 
thickness of the mollic epipedon in the Pachlc subgroup and 
the separation of the Pachic subgroup from the Cumulic subgroup. 
Additional organic carbon data should indicate the limits 
needed to replace the arbitrary levels presently used. 
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SUMMARY AND CONCLUSIONS 
This study was initiated to investigate soil properties 
that could prove useful in differentiating Grundy, Macksburg 
and Mahaska soils at areas of mergence on the landscape. In 
these areas of transition between two soil association areas, 
clay content, previously used as the primary series differ­
entia, is not adequate for separation at the series level in 
soil classification. In addition to the separation of the 
Grundy soils from Mahaska and Macksburg soils, the possibility 
of separating the Grundy series into two units was assessed. 
The area studied was limited to loess soils in southern 
Iowa, The loess thins from west to east in southern Iowa with 
the clay content in the parent material increasing in the same 
direction. The sample sites occurred in sediments which have 
been defined as oxidized loess, deoxidized loess and relict 
fQ a ^  V 4 fQ 4 a 1 /-> o 
^ ^ ^ O • 
The soil properties studied should be applicable to field 
mapping. An example of a readily observable field criterion 
would be color differences. Color differences are primarily 
influenced by iron oxides sind organic matter. Iron oxide con­
tent and distribution were analyzed and compared to aeration 
porosity. The results indicated that the degree of iron oxide 
segregation increased as aeration porosity decreased. The 
aeration porosity values at 24 inches in Grundy soils were 
lower than in Mahaska and Macksburg soils. Pétrographie and 
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micro sampling studies indicated that iron oxides were more 
sezregated in Grundy soils than in Mahaska and Macksburp 
soils. As iron oxides were more segregated, the percentage 
of gray fabric increased. This percentage of gray fabric is 
probably a better series criterion for series separation than 
the distribution of iron oxides. 
Organic carbon was found to be useful in separation of 
the Grundy soils from the Macksburg and Mahaska soils. The 
depth to 1 percent organic carbon was greater in the Mahaska 
and Macksburp soils than in the Grundy soils and the 4/2 
colors reflect the organic carbon contents. The 4/2 colors 
were deeper in the profile in the Mahaska and Macksburg soils 
than in the Grundy soils. This soil property could not be 
used, however, to separate the Grundy series into two units. 
The B/A clay ratios can be used to separate these series. 
The ratios were lower in the Mahaska and Macksburg soils than 
in the Grundy soils. Usually the B/A clay ratios in Mahaska 
and Macksnurtr soils were less than 1.40 and in Grundy soils, 
the B/A clay ratios were greater than 1.40. This ratio may 
also prove valuable in separation of the Grundy soils into 
two units. The B/A clay ratios for the Grundy soils on lower 
Interfluves and sideslopes were less than the B/A clay ratio 
for the Grundy soils on the more stable upland position. The 
Grundy soils from stable upland positions have greater clay 
contents than Grundy soils on lower interfluves on sideslope 
position. 
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Total phosphorus may also prove useful in differentiation 
of soils on the series level. Grundy soils have less total 
phosphorus in the surface horizon and in the B horizon than 
Mahaska and Macksburg soils. The trends in the distribution 
of total phosphorus with depth are similar to the trends in 
organic carbon on the Grundy, Mahaska and Macksburg soilso 
However, the curves are displaced with total phosphorus and 
organic carbon contents being lower in the Grundy soils. This 
may indicate that aeration porosity, which is less and occurs 
closer to the soil surface, impedes water movement in the 
Grundy soils and thus restricts plant growth. The available 
phosphorus in the B horizon of the Grundy soil may be the 
limiting factor for root proliferation. 
Other properties investigated were K and Mg on the fine 
clay fraction, K-feldspar in the coarse silt fraction, particle 
size analysis, free manganese and pH. These soil properties 
were not significantly different in the Mahaska, Macksburg and 
Grundy soils especially on the series level of soil classifi­
cation. However, as more data becomes available, their useful­
ness in series separation will need to be re-evaluated. 
The concept of combinations of soil properties such as 
the relationship between aeration porosity, organic carbon and 
total phosphorus may necessitate revision of the higher orders 
in classificationo It is conceivable that when the Pachic 
subgroup is extended into the Udolls that a subgroup referred 
to as Pachaquic could be defined. 
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APPENDIX 1. PARTICLE SIZE, EXTRACTABLE IRON AND MANGANESE, 
TOTAL CARBON, AND TOTAL PHOSPHORUS PERCENTAGES 
ON 16 SAMPLE SITES (OoOO Indicates no deter­
mination) 
P - 0 1 6  S H A R P S B U R G  P R O F I L E  F R O M  W A R R E N  C O .  
D E P T H  > 6 1  6 1 - 3 1  3 1 - 1 6  1 6 - 8  8 - 4  4 - 2  
(  I N )  { % )  { % \  { % )  (  % )  ( 1 )  ( % )  
0 0 0 - 0 0 7  0 0 . .  5  1 4 . 8  2 5 . 7  1 4 .  5  0 5 . 7  0 5 .  
0 0 7 - 0 1 2  0 0 . .  5  1 4 . 9  2 2 .  8  1 3 . 4  0 5 .  7  0 5 .  
0 1 2 - 0 1 6  0 0 „ 5  1 6 . 6  2 1 . 8  1 3 . 3  0 6 , 2  0 6 .  
0 1 6 - 0 2 0  0 0 . ,  5  1 3 . 2  2 3 . 2  1 3 .  5  0 6 .  2  0 5 .  
0 2 0 - 0 2 5  0 0 . .  5  1 4 . 5  2 5 . 9  1 4 .  1  0 6 . 4  0 5 .  
C 2 5 - 0 2 9  0 0 , 9  1 3 . 0  2 9 . 0  1 4 . 4  0 6 .  5  0 5 .  
0 2 9 - 0 3 4  0 0 . 7  1 3 . 2  2 7 . 2  1 4 ,  5  0 8 . 9  0 5 .  
0 3 4 - 0 4 2  0 0 . 4  1 5 . 1  2 8 .  8  1 4 . 9  0 6 . 3  0 5 .  
0 4 2 - 0 4 8  0 0 ,  8  1 5 .  1  2 7 ,  8  1 6 .  3  0 6 .  1  0 5 .  
0 4 8 - 0 5 4  0 0 . 6  1 4 . 2  2 8 .  5  1 5 .  3  0 6 .  7  0 5 ,  
0 5 4 - 0 6 0  0 0 . 8  1 5 . 9  2 9 . 6  1 5 . 4  0 6 . 7  0 3 ,  
0 6 0 - 0 6 6  0 0 . 6  1  5 . 6  3 1 .  0  1 5 , 2  0 7 . 0  0 3 .  
0 6 6 - 0 7 2  0 0 . 5  1 5 , 7  3 0 . 7  1 5 . 4  0 6 .  4  0 5 .  
0 7 2 - 0 7 8  0 0 . 5  1 5 . 9  3 0 .  1  1 6 . 9  0 6 . 9  0 3 .  
0 7 3 - 0 8 4  0 0 .  5  1 5 . 6  3 2 .  1  1 6 . 0  0 7 . 0  0 3 .  
0 8 4 - 0 9 0  0 0 . 7  1 5 . 0  3 0 .  9  1 6 . 4  0 7 .  1  0 2 .  
0 9 0 - 0 9 6  0 1 . 4  1 5 . 8  3 1 . 9  1 6 . 8  0 6 . 9  0 4 .  
0 9 6 - 1 0 2  0 1 . 6  1 5 .  5  3 2 . 0  1 5 .  5  0 6 , 9  0 3 .  
1 0 2 - 1 0 8  0 0 . 5  1 5 . 5  3 3 .  1  1 5 . 9  0 7 .  2  0 3 ,  
1 0 6 - 1 1 4  0 0 . 7  1 4 . 6  3 4 . 7  1 7 . 2  0 6 . 8  0 3 .  
1 1 4 - 1 2 0  0 0 , 6  1 5 .  5  3 5 .  8  1 7 .  3  0 6 .  5  0 2 .  
6 
4  
0 
8 
5  
3  
2 
3  
3  
2 
7  
6 
5  
9  
9  
1 
0 
9  
7  
3  
9  
< 2  2 - 1  < 1  6 2 - 2  M N  F f c  T .  c .  T P  
( % )  ( ? )  ( * )  (  % )  ( % )  ( % )  ( % )  ( % )  
3 3 .  2  1 3 .  6  1 9 .  6  6 7 . 2  0 . 1 0 5  1 . 1 6  1 .  8 9  5 8 7  
3 7 .  3  0 4 .  7  3 2 .  6  6 2 . 2  0 .  1 0 5  1 . 3 0  1 .  4 1  5 2 0  
3 5 .  6  0 4 .  6  3 1 .  0  6 4 . 0  0 .  1 1 0  1 . 3 8  0 .  8 3  4 5 8  
3 7 .  6  0 7 .  8  2 9 .  8  6 1 . 8  0 .  1 2 3  1 . 3 9  0 .  5 9  4 9  8  
3 3 .  1  0 5 .  3  2 7 .  8  6 6 . 3  0 .  0 9 5  1 . 1 5  0 .  3 8  5 6 8  
3 0 .  9  0 5 ,  6  2 5 ,  • a  6 8 , 3  0 .  1 0 4  1 . 1 9  0 ,  3 5  5 7 0  
3 0 .  3  0 4 .  5  2 5 .  8  6 8 . 9  0 .  1 6 0  1 . 2 5  0 .  2 1  6 0 0  
2 9 .  2  0 4 .  7  2 4 ,  5  7 1 . 3  0 . 1 1 7  1 . 1 0  0 .  1 9  6 1  8  
2 8 .  6  0 4 .  7  2 3 .  9  7 0 . 5  0 . 2 2 1  0 , 9 5  0 ,  2 0  6 5 3  
2 9 .  5  0 3 .  6  2 5 .  9  6 9 . 8  0 . 1 2 9  1 , 2 4  0 .  1 1  6 6 0  
2 7 .  9  0 4 .  8  2 3 .  1  7 1 . 7  0 . 1 6 0  1 . 2 6  0 .  1 0  7 8 5  
2 7 .  0  0 5 .  4  2 1 .  6  0 0 . 0  0 . 1 1 4  1 . 1 0  0 ,  0 0  7 7 2  
2 5 .  8  0 5 .  0  2 0 ,  8  0 0 .  0  0 . 0 7 3  1 . 5 9  0 .  0 0  7 1 3  
2  5 .  8  0 5 .  3  2  0 .  5  0 0 .  0  0 . 0 7 3  1 . 5 5  0 .  0 0  7 1 2  
2 4 .  9  0 5 .  1  1 9 .  8  0 0 . 0  0 , 0 4 8  1 . 1 4  0 ,  0 0  6 5 9  
2 6 .  8  0 6 .  1  2 0 .  7  0 0 .  0  0 . 0 7 5  0 . 9 1  0 .  0 0  6 6 7  
2 3 .  2  0 3 .  4  1 9 .  8  0 0 . 0  0 . 1 1 2  1 . 2 4  0 .  0 0  7 2 0  
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0 0 .  0  0 0 .  0  0 0 . 0  0 0 . 0  0 .  0 4 8  0 . 7 9  0 .  0 0  3 2 2  
0 0 .  0  0 0 .  0  0 0 . 0  0 0 . 0  0 .  0 0 0  0 . 0 0  0 .  0 0  0 0 0  
0 3 .  3  2 6 .  8  0 0 . 5  0 0 . 0  2 .  0 6 6  0 . 0 7  2 .  0 8  0 0 0  
0 0 .  0  0 0 .  0  0 0 . 0  0 0 . 0  0 .  0 0 0  0 . 0 0  0 .  0 0  0 0 0  
3 6 .  2  0 0 .  8  3 5 . 4  0 0 . 0  0 .  0 2 5  0 . 5 9  0 .  0 8  1 7 6  
0 0 .  0  0 0 .  0  0 0 . 0  0 0 . 0  0 .  0 0 0  0 . 0 0  0 .  0 0  0 0 0  
3 2 .  7  0 3 .  0  2 9 . 7  0 0 . 0  0 .  0 1 6  0 . 5 3  0 .  0 9  1 5 9  
0 0 .  0  0 0 .  0  0 0 . 0  0 0 .  0  0 .  0 0 0  0 . 0 0  0 .  0 0  0 0 0  
4 1 .  6  0 3 .  2  3 8 . 4  0 0 . 0  0 .  0 3 9  0 . 6 5  0 .  0 9  1 5 0  
P - 9 1 9  L E A C H E D  O C W  P R O F I L E  F R O M  F R E M O N T  C O .  
D E P T H  
( I N )  
nno-006 
0 0 6 - 0 1 0  
0 1 0 - 0 1 5  
0 1 5 - 0 1 9  
0 1 9 - 0 2 5  
0 2 5 - 0 2 9  
C 2 9 - 0 3 5  
0 3 5 - 0 4 1  
0 4 1 - 0 4 7  
0 4  7 - 0 5 ?  
0 5 3 - C 5 8  
0 5 8 - 0 6 4  
0 6 4 - 0 7 1  
0 7 1 - 0 7 5  
0 7  5 - 0 7 9  
0 7 9 - 0 8 5  
0 8 5 - 0 9 0  
0 9 0 - 0 9 5  
0 9 5 - 1 0 2  
1 0 2 - 1 0 6  
1 0 6 - 1 0 8  
1 0 8 - 1 1 4  
> 6 1  
{ % )  
0 0 . 8  
0 0 . 8  
0 0 . 9  
01.0 
00. 6 
01 .0  
0 0 . 9  
0 0 . 7  
0 0 . 7  
0 0  ,  7  
0 0 . 4  
0 0 . 7  
0 0 . 4  
00 .0  
0 0 . 5  
00. 0 
0 0 . 8  
0 0 . 0  
0 1 .  5  
0 6 . 9  
0 9 .  1  
0 0 . 0  
6 1 - 3 1  
(%l 
2 0 .  7  
2 0 . 0  
2 1 . 5  
1 9 . 2  
1 3 .  1  
2 0 . 3  
2 2 ,  1  
2 1 .  3  
2 2 . 0  
2 1 .  5  
2 1 .  5  
2 2 . 7  
1 7 .  3  
00 .0  
1 7 .  2  
00. 0 
2 5 . 7  
00. 0 
2 5 . 7  
1 7 . 8  
1 7 . 9  
00 .0  
3 1 - 1 6  
( %  )  
2 6 . 0  
2 2 . 8  
2 3 .  1  
2 4 . 9  
2 8 .  5  
2 9 .  8  
2 8 ,  6  
2 8 .  9  
3 1 . 7  
3 1 . 6  
2 9 , 9  
2 8 , 0  
3 0 .  9  
0 0 , 0  
3 0 . 6  
00, 0 
2 5 .  1  
00. 0 
2 5 , 1  
2 6 .  5  
2 2 .  6  
00.0  
1 6 - 8  
( ? )  
1 0 . 2  
1 3 .  2  
1 4 .  0  
1 5 .  1  
1 4 .  8  
1 2 . 4  
1 1 . 3  
1 2 .  5  
1 2 . 5  
1 3 . 0  
1 4 . 2  
1 4 . 9  
1 7 . 4  
00.0  
1 7 .  5  
00. 0 
1 2 . 5  
00. 0 
1 2 . 0  
1 2 .  1  
1 2 .  3  
0 0 . 0  
8 - 4  
( % )  
0 4 .  5  
0 5 .  8  
06. 1 
06. 6 
10. 0 
0 4 .  8  
0 5 . 3  
0 5 .  3  
0 4 . 5  
0 4 . 9  
0 5 .  5  
0 5 .  7  
0 6 .  7  
00. 0 
0 7 . 1  
00. 0 
0 5 . 6  
00. 0 
0 4 . 7  
0 5 . 3  
0 5 .  1  
00. 0 
4 - 2  
( % )  
0 3 .  8  
0 4 .  3  
0 3 .  9  
0 4 .  1  
0 3 .  6  
0 4 .  4  
0 4 . 9  
0 5 .  1  
0 3 .  3  
0 3 .  5  
0 3 . 9  
0 3 .  6  
0 3 .  4  
0 0 , 0  
0 3 . 6  
00. 0 
0 3 . 5  
0 0 . 0  
0 4 .  0  
0 3 .  1  
0 6 .  2  
00. 0 
< 2  2 - 1  < 1  6 2 - 2  M N  F E  T ,  c .  T P  
{ % )  ( % )  ( ? )  ( ? )  ( ? )  ( ? )  (?) ( ? )  
3 4 .  0 0  3 ,  6  3 0 ,  4  6 6 .  0  0 , 0 6 2  0 . 9 9  1 ,  2 4  4 9 2  
3 3 .  1  0 4 ,  3  2 8 ,  8  6 6 . 9  0 , 0 5 0  1 , 2 9  0 ,  4 1  5 2 0  
3 0 .  5  0 3 ,  7  2 6 .  8  6 9 . 5  0 , 0 2 8  0 . 9 6  0 .  3 4  5 6 0  
2 9 .  1  0 3 ,  8  2 5 .  3  7 0 . 9  0 , 0 2 2  0 . 8 4  0 ,  2 3  5 9 4  
2  9 .  4  0 3 ,  6  2 5 .  8  7 0 . 6  0 , 0 2 2  0 .  7 4  0 .  2 6  5 9 6  
2 7 ,  3  0 2 ,  5  2 4 .  8  7 2 . 7  0 .  0 2 4  0 . 7 4  0 ,  2 1  5 9 4  
2 6 ,  9  0 1 ,  6  2 5 ,  3  7 3 . 1  0 , 0 2 0  0 , 6 8  0 ,  0 9  5 9 2  
2 6 ,  2  0 2 ,  1  2  4 .  1  7 4 .  8  0 , 0 1 6  0 , 8 0  0 ,  1 1  6 3 3  
2  5 ,  3  0 2 ,  5  2 2 .  8  7 4 , 7  0 , 0 1 8  0 ,  5 4  0 ,  0 4  6 6 0  
2 4 .  6 0 2 ,  2  2 2 .  6  7 5 , 2  0 . 0 1 4  0 . 6 3  0 .  0 7  6 9 4  
2  6 03,  0  2 1 .  6  7 5 , 4  0 , 0 1 0  0 , 4 6  0 .  0 5  6 8 8  
2 4 .  4  0 2 ,  8  2 1 .  6  7 5 , 6  0 , 0 1 2  0 , 6 0  0 .  1 5  6 6 4  
2 4 .  9  0 3 ,  1  2 1 .  8  0 0 ,  0  0 . 0 1 0  0 , 4 5  0 .  0 0  5 9 8  
0 0 .  0  0 0 ,  0  0 0 ,  0  0 0 , 0  0 . 0 1 2  0 , 5 4  0 ,  0 0  5 9 0  
2 3 .  5  0 3 .  0  2 0 ,  5  0 0 , 0  0 . 0 1 4  0 . 6 3  0 .  0 0  5 2 9  
0 0 .  0  0 0 .  0  0 0 .  0  0 0 , 0  0 . 0 1 4  0 . 7 4  0 .  0 0  4 5 6  
2 6 ,  8  0 3 .  1  2 3 ,  7  0 0 ,  0  0 , 0 1 2  0 , 6 3  0 ,  0 0  4 0 8  
0 0 ,  0  0 0 ,  0  0 0 ,  0  0 0 , 0  0 , 0 0 0  0 , 0 0  0 ,  0 0  3 6 4  
2 7 ,  0  0 3 ,  0  2 4 ,  0  0 0 ,  0  0 , 0 0 8  0 , 7 1  0 ,  0 0  3 6 8  
2 8 ,  3  0 3 ,  3  2 5 ,  0  0 0 , 0  0 , 0 3 0  1 , 2 9  0 ,  0 0  5 1 4  
2 6 .  8  0 2 .  2  2 4 .  6  0 0 . 0  0 . 0 2 6  1 , 0 9  0 .  0 0  6 2 9  
0 0 .  0  0 0 ,  0  0 0 .  0  0 0 . 0  0 . 0 0 0  0 , 0 0  0 .  0 0  5 9 6  
P - 9 2 1  G R U N D Y  P R O F I L E  F R O M  L E E  C O .  2% S L O P E  
D E P T H  
( I N )  
nnn-oio 
0 1 0 - 0 1 3  
0 1  3 - 0 1 7  
0 1 7 - 0 2 1  
0 2 1 - 0 2 8  
0 2 8 - 0 3 2  
0 3 2 - 0 3 8  
0 3 8 - 0 4 4  
0 4 4 - 0 4 9  
9 - 0 5 4  
0 5 4 - 0 5 8  
0 5 8 - 0 6 2  
0 6 2 -066  
0 6 6 - 0 6 9  
0 6 9 - 0 7 6  
0 7 6 - 0 8 2  
0 8 2 - 0 8 7  
0 8 7 - 0 9 2  
0 9 2 - 1 0 0  
1 0 0 - 1 0 4  
1 0 4 - 1 1 0  
110-116 
116-121 
1 2 1 - 1 2 7  
3 1 - 1 6  1 6 - 8  
( % )  ( ? )  
>61 
( % )  
0 3 . 2  
0 2 . 5  
0 2 .  4  
0 1 . 3  
0 0 . 9  
00. 6 
0 1 . 4  
0 1 . 5  
00.2 
0 0 . 3  
00.2  
0 0 . 4  
00.2  
0 0 . 4  
0 1 . 5  
01.0 
0 8 . 7  
0 8 . 3  
00.0 
0 3 . 0  
00 .0  
00 .0  
00.0  
00. 0 
6 1 - 3 1  
(%l 
0 9 . 9  
0 2 . 8  
0 9 .  6  
08. 3 
0 7 . 6  
0 8 . 2  
10 .0  
0 8 . 8  
1 0 . 2  
1 0 . 4  
0 9 . 4  
08„ 8 
0 8 . ,  3  
06» 8 
0 7 , .  2  
1 3 , 2  
1 0 . 2  
0 8 . 5  
00.0  
1 6 . 6  
00 .0  
00. 0 
00. 0 
00. 0 
26. 6 
2 3 . 3  
2 1 .  5  
2 0 .  5  
21 .0  
2 1 .  8  
2 2 .  8  
2 4 . 4  
2 7 . 4  
3 0 . 5  
3 1 .  5  
2 8 .  5  
2 6 .  8  
2 3 .  2  
1 8 . 9  
1 8 . 7  
1 9 .  8  
1 8 . 9  
00 .0  
1 6 .  3  
00. 0 
00. 0 
00. 0 
00 .0  
19.  0  
1 8 , 8  
1  7 . 2  
1 5 . 7  
1 4 . 6  
1 6 . 8  
1 6 . 6  
1 8 . 3  
1 9 . 6  
1 9 .  8  
20.0 
2 0. 8 
2 1 . 5  
2 2 .  8  
2 2 . 0  
20 .0  
1 7 . 5  
1 6 . 6  
00 .0  
1 4 . 3  
00.0 
00. 0 
00 .0  
0 0 . 0  
8 - 4  
{ % )  
0 9 .  9  
1 4 . 9  
0 9 .  3  
08. 6 
0 6 . 5  
0 8 . 7  
0 9 . 2  
0 9 .  1  
0 8 . 9  
0 8 .  3  
08. 8 
0 9 .  7  
1 1 . 7  
1 3 . 0  
1 5 . 1  
1 2 . 4  
1 1 . 0  
1 1 . 4  
0 0 . 0  
0 6 .  3  
00.  0  
00. 0 
00. 0 
00. 0 
4 - 2  
( % )  
0 5 .  2  
0 5 .  1  
06. 1 
0 5 .  8  
0 6 . 9  
0 5 . 4  
0 4 .  8  
0 5 .  1  
0 4 . 4  
0 4 .  2  
0 4 . 3  
0 4 .  8  
0 5 . 6  
0 6 . 4  
0 7 . 0  
0 7 . 0  
0 5 . 4  
0 4 .  9  
00 .0  
0 4 .  4  
00. 0 
0 0 . 0  
00 .0  
0 0 . 0  
< 2  2 - 1  < 1  6 2 - 2  M N  F E  T .  c .  T P  
i % )  (  % )  (  % l  (?) ( % )  ( % )  (?) ( % )  
2 6 .  2  0 5 .  8  2 0 . 4  7 0 . 6  0 . 0 9 6  0 . 8 4  1 .  7 8  0 0 0  
3 2 .  6  0 5 .  8  2 6 .  8  0 0 .  0  0 . 1 1 4  1 . 0 1  1 .  0 9  0 0 0  
3 3 .  9  0 6 .  5  2 7 . 4  6 3 . 7  0 . 2 3 8  1 . 2 8  0 .  5 8  0 0 0  
4 0 .  3  0 6 .  4  3 3 . 9  5 8 . 4  0 . 1 0 4  1 . 3 5  0 .  3 7  0 0 0  
4 2 .  5  0 5 .  0  3 7 . 5  5 6 . 6  0 . 0 4 2  2 . 0 3  0 .  2 2  0 0 0  
3 8 .  5  0 5 .  1  3 3 . 4  6 0 . 9  0 . 0 3 2  1 . 0 6  0 .  2 3  0 0 0  
3 5 .  2  0 5 .  2  3 0 . 0  6 3 . 4  0 . 0 9 4  1 . 7 1  0 .  1 6  0 0 0  
3 2 .  7  0 4 .  8  2 7 . 9  5 8 . 2  0 . 1 1 8  1 .  1 8  0 .  0 7  0 0 0  
2 9 .  3  0 4 .  3  2 5 . 0  5 8 . 2  0 . 0 1 6  0 . 2 4  0 .  0 7  0 0 0  
2 6 .  5  0 3 .  7  2 2 . 8  7 3 . 2  0 . 0 2 4  0 . 4  3  0 .  0 3  0 0 0  
2  5 .  3  0 3 .  5  2 2 . 3  7 7 . 5  0 . 0 1 4  0 . 4 9  0 .  0 2  0 0 0  
2 7 .  0  0 3 .  9  2 3 .  1  0 0 .  0  0 . 0 2 6  0 . 9 6  0 .  0 2  0 0 0  
2 5 .  9  0 3 .  9  2 2 .  0  0 0 .  0  0 . 0 0 6  1 . 0 0  0 .  0 0  0 0 0  
2 7 .  4  0 4 .  5  2 2 . 9  0 0 .  0  0 . 0 2 0  0 . 7 3  0 .  0 0  0 0 0  
2 8 .  3  0  5 .  3  2 3 . 0  0 0 .  0  0 . 0 2 0  1 . 0 8  0 .  0 0  0 0 0  
2 7 .  7  0 4 .  0  2 3 . 7  0 0 .  0  0 . 0 6 4  1 . 2 9  0 .  0 0  0 0 0  
2 7 .  4  0 3 .  6  2 3 . 8  0 0 . 0  0 . 0 5 8  0 . 9 5  0 .  0 0  0 0 0  
3 1 .  4  0 3 .  5  2 7 . 9  0 0 .  0  0 . 0 2 0  0 . 7 8  0 .  0 0  0 0 0  
0 0 .  0  0 0 .  0  0 0 . 0  0 0 . 0  0 . 0 2 8  0 . 8 1  0 .  0 0  0 0 0  
3  9 .  1  0 3 .  1  3 6 . 0  0 0 .  0  0 . 0 7 2  1 . 1 1  0 .  0 0  0 0 0  
0 0 .  0  0 0 .  0  0 0 . 0  0 0 .  0  0 . 0 7 0  1 . 0 0  0 .  0 0  0 0 0  
0 0 .  0  0 0 .  0  0 0 . 0  0 0 . 0  0 . 0 2 6  0 . 7 8  0 .  0 0  0 0 0  
0 0 .  0  0 0 .  0  0 0 . 0  0 0 . 0  0 . 0 0 2  0 . 8 3  0 .  0 0  0 0 0  
0 0 .  0  0 0 .  0  0 0 . 0  0 0 . 0  0 . 0 1 2  0 . 6 1  0 .  0 0  0 0 0  
P - 9 2 2  G R U N D Y  P R O F I L E  F R O M  L E E  C O .  5 - 7 %  S L O P E  
D E P T H  
(  I N )  
OOn-008 
0 0 8 - 0 1 0  
0 1 0 - 0 1 4  
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0 2 4 - 0 2 7  
0 2 7 - 0 3 1  
0 3 1 - 0 3 5  
0 3 5 - 0 4 2  
0 4 2 - 0 4 6  
0 4 6 - 0 5 2  
0 5 2 - 0 5 9  
0 5 9 - 0 6 4  
0 6 4 - 0 6 8  
0 6 8 - 0 7 3  
0 7 3 - 0 8 0  
0 8 0 - 0 8 6  
0 8 6 - 0 9 2  
0 9 2 - 1 0 1  
>61 
( % )  
0 3 . 1  
01.0 
0 1 . 5  
0 0 . 7  
0 0 . 9  
0 0 . 9  
0 2 . 7  
0 1 . 2  
00.6  
0 0 . 7  
0 2 . 5  
0 1 . 9  
0 1 . 7  
1 0 . 5  
1 0 . 1  
00.0  
1 4 . 8  
0 0 . 0  
00.0  
6 1 - 3 1  
1 % )  
1 0 . 2  
08. 1 
0 7 .  1  
0 7 . 2  
0 8 . 4  
0 8 . 9  
0 8 . 4  
0 8 . 9  
1 7 . 8  
06. 0 
0 5 . 4  
1 3 . 3  
1 8 . 9  
1 2 . 4  
1 0 . 9  
00 .0  
0 4 . 2  
0 0 . 0  
00.0 
3 1 - 1 6  
( % ) 
2 4 .  5  
2 0 . 4  
2 1 . 3  
2 0 ,  5  
2 2 . 6  
2 3 , 9  
2 4 , 3  
3 1 , 7  
1 8 . 2  
2 3 , 2  
1 9 . 6  
17. 8 
1 8 . 9  
1 9 . 1  
1 8 .  8  
00.0  
1 6 . 7  
00 .0  
00.0 
1 6 - 8  
(  % )  
16,6 
1 5 , 2  
1 5 . 4  
1 5 . 0  
1 6 . 7  
1 7 . 0  
1 7 . 7  
1 3 .  5  
2 2 . 2  
2 3 . 2  
2 3 . 6  
1 8 .  1  
1 7 . 8  
1 5 . 7  
1 5 . 5  
00 .0  
1 4 . 2  
00.0 
00.0 
8 - 4  
{ % )  
0 8 . 9  
08. 0 
0 8 . 0  
08. 1 
08.  6  
0 9 .  0  
0 9 .  3  
0 9 . 7  
0 6 . 0  
1 2 . 0  
1 1 . 5  
1 2 . 7  
08.  8  
1 0 . 1  
0 9 .  5  
0 0 . 0  
0 9 .  5  
00 .0  
00 .0  
4 - 2  
( % )  
0 5 . 7  
0 4 .  8  
0 4 . 7  
0 4 . 6  
0 4 .  4  
0 4 . 7  
0 5 .  0  
0 5 . 1  
0 6 . 3  
0 9 . 4  
0 7 . 8  
0 7 . 0  
06. 2 
0 5 . 1  
0 4 .  8  
00.0  
0 4 . 9  
0 0 . 0  
00.0  
<2 2-1  <1 62-2 M N  F E  T .  c .  T P  
( % )  (?) ( % )  { % )  ( % )  ( % )  ( % )  i%) 
31.  0  0 4 .  9  26.  1  6 5 . 9  0.160 1 . 4 3  1 .  1 2  000 
4 2 .  5  0 4 .  7  3 7 .  8 5 6 . 5  0 . 0 3 6  1 . 2 6  0.  81 0 0 0  
4 2 .  0  0 5 .  1 3 6 .  9  5 7 . 5  0 . 0 4 0  1.  10 0 .  5 6  0 0 0  
4 3 .  9  0 4 .  6  3 9 .  3  5 5 . 4  0 . 0 4 2  1 . 0 1  0 .  4 5  000 
3 8 .  4  0 4 .  0  3 4 .  4  6 0 . 7  0 .  0 6 0  0 .  9 3  0.  2 8  0 0 0  
3 5 .  6  0 4 .  5  3 1 .  1 6 4 . 7  0 . 1 2 2  1 .  5 5  0.  16 000 
3 2 .  6  0 4 .  3  2 8 .  3  0 0 .  0  0 . 0 0 0  0 . 0 0  0.  06 000 
2 9 .  9  0 4 .  5  2  5 .  4  6 9 . 4  0 . 1 5 0  0 . 8  3  0.  0 3  000 
2 8 .  9  0 4 .  9  2 4 .  0 7 0 . 5  0 . 0 5 8  1 . 1 4  0.  0 2  0 0 0  
2 5 .  5  0 2 .  8  2 2 .  7  7 3 . 8  0 . 0 1 6  0 . 6 5  0 .  0 7  0 0 0  
3 0 .  0  0 4 .  3  2 5 .  7  6 7 .  5  0 . 0 1 8  0 . 8 5  0 .  0 4  0 0 0  
2 9 .  2  0 4 .  0  2 5 .  2 6 8 . 9  0 . 0 2 4  1 . 3 1  0 .  0 5  0 0 0  
2 7 .  7  0 2 .  7  2 5 .  0  0 0 .  0  0 . 0 2 0  0 . 9 9  0 .  1 1  0 0 0  
2 7 .  0  0 3 .  2  2 3 .  8  0 0 . 0  0 . 0 1 2  0 .  7 4  0 .  0 0  0 0 0  
3  0 .  4  0 3 .  2 2 7 .  2 0 0 . 0  0 . 0 1 0  0 . 6 4  0 .  0 0  0 0 0  
0 0 .  0  0 0 .  0  0 0 .  0  0 0 . 0  0 . 0 3 2  0 . 8 9  0 .  00 0 0 0  
3 5 .  7  0 3 .  2  3 2 .  6  0 0 . 0  0 . 0 2 4  0 . 9 6  0 .  0 0  0 0 0  
0 0 .  0  0 0 .  0  0 0 .  0  0 0 . 0  0 . 0 1 0  1 . 0 1  0 .  0 0  0 0 0  
0 0 .  0  0 0 .  0  0 0 .  0  0 0 . 0  0 . 0 0 8  0 . 8 9  0 .  0 0  0 0 0  
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P - 9 2 5  M A H A S K A  P R O F I L E  F R O M  W A S H I N G T O N  C O .  
T O T A L  
D E P T H  V C S  c s  F S  V F  s  S I L T  
( I N )  ( % )  (%) ( % )  ( % )  ( % )  (  % )  
0 0 0 - 0 0 8  0 . 2  0 . 4  0 . 4  0 . 4  0 . 5  6 7 .  3  
0 4 8 - 0 1 3  0 .  0  0 . 4  0 . 3  0 . 4  0 .  5  6 3 . 6  
0 1 3 - 0 1 7  0 . 5  0 . 3  0 . 2  0 .  2  0 .  5  6 1 . 7  
0 1 7 - 0 2 3  0 . 4  0 . 5  0 . 3  0 . 7  0 . 3  5 9 . 8  
0 2 3 - 0 2 7  0 . 2  0 . 3  0 . 2  0 . 9  0 . 3  5 9 . 2  
0 2 7 - 0 3 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 0 . 0  
0 3 0 - 0 3 5  0 . 3  0 . 6  0 . 4  0 . 9  0 . 5  6 0 . 9  
0 3 5 - 0 4 2  0 .  2  0 . 4  0 . 2  0 .  7  0 .  5  6 4 .  3  
0 4 2 - 0 5 1  0 . 1  0 . 4  0 . 2  0 . 7  0 . 4  6 5 . 6  
0 5 1 - 0 5 5  0 . 3  0 . 3  0 . 2  0 . 7  0 . 5  6 5 . 3  
0 5 5 - 0 6 2  0 . 1  0 . 1  0 . 1  0 . 7  0 . 6  7 0 . 5  
0 6 2 - 0 6 7  0 . 0  0 . 2  0 . 2  0 . 6  0 . 7  7 2 . 1  
0 6 7 - 0 7 5  0 .  1  0 .  1  0 .  1  0 . 7  0 . 4  7 3 . 5  
0 7 5 - 0 8 2  0 .  1  0 . 1  0 . 1  0 . 7  0 . 3  7 3 . 5  
0 8 2 - 0 9 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 0 . 0  
0 9 0 - 0 9 6  0 .  0  0 , 0  0 . 0  0 .  0  0 .  0  O Q . O  
0 9 6 - 1 0 2  0 .  0  0 . 0  0 . 0  0 . 0  0 . 0  0 0 . 0  
1 0 2 - 1 1 0  0 .  0  0 . 0  0 . 0  0 . 0  0 .  0  0 0 . 0  
1 1 0 - 1 1 8  0 .  0  0 .  0  0 .  0  0 .  0  0 .  0  0 0 . 0  
1 1 8 - 1 2 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 0 . 0  
1 2 6 - 1 3 3  0 .  0  0 . 0  0 . 0  0 .  0  0 . 0  0 0 . 0  
1 3 3 - 1 3 9  0 . 0  0 . 0  0 , 0  0 .  C  0 . 0  0 0 . 0  
1 3 9 - 1 4 4  0 .  0  0 . 0  0 . 0  0 . 0  0 . 0  0 0 . 0  
1 4 4 - 1 5 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 0 . 0  
C O A R S E  F I N E  
C L A Y  S \ L T  S I L T  M N  F E  T . C .  
( ( % l  ( %) ( %) ( %) (%) 
3 0 .  8  2 8 . 6  3 9 . 4  0 . 1 4 6  0 . 9 1  2 . 8 9  
3 4 . 8  2 5 . 3  3 9 . 0  0 . 1 1 6  1 .  1 0  2 . 1 8  
3 6 .  6  2  5 . 2  3 7 . 1  0 .  0 9 2  1 . 1 0  1 . 4 7  
3 8 . 0  2 5 . 6  3 5 . 0  0 . 1 4 2  1 . 3 8  1 . 0 7  
3 8 . 9  2 7 . 1  3 3 .  1  0 . 0 6 0  1 . 2 3  0 . 5 8  
0 0 .  0  0 0 . 0  0 0 . 0  0 . 0 0 0  0 . 0 0  0 . 0 0  
3 6 . 4  2 8 .  1  3 3 . 9  0 . 0 9 0  1 . 1 0  0 . 3 6  
3 3 .  7  3 1 . 5  3 3 . 8  0 . 0 9 0  1 . 4 5  0 . 2 1  
3 2 . 6  3 1 . 4  3 5 . 1  0 . 0 8 4  1 . 2 9  0 . 1 4  
3 2 . 7  3 0 . 8  3 5 . 5  0 . 0 4 4  0 . 8 1  0 . 1 6  
2 7 . 9  3 5 . 1  3 6 . 5  0 . 0 9 4  1 . 6 9  0 . 1 2  
2 6 .  2  3 6 . 6  3 6 . 6  0 .  0 4 0  0 . 9 1  0 . 0 8  
2 5 . 1  3 6 . 9  3 7 . 6  0 . 1 4 2  1 . 2 3  0 . 0 5  
2 5 . 2  3 6 . 0  3 8 . 4  0 . 0 6 7  0 . 8 3  0 , 0 5  
0 0 . 0  0 0 . 0  0 0 . 0  0 .  1 6 6  3 .  1 3  0 . 0 0  
0 0 . 0  0 0 . 0  0 0 . 0  0 . 0 2 6  0 . 3 0  0 . 0 0  
0 0 .  0  0 0 . 0  0 0 . 0  0 . 0 2  8  0 . 4 6  0 . 0 0  
0 0 .  0  0 0 . 0  0 0 . 0  0 . 0 1 2  0 . 3 5  0 . 0 0  
0 0 .  0  0 0 . 0  0 0 . 0  0 . 0 0 4  0 . 4 3  0 . 0 0  
0 0 . 0  0 0 . 0  0 0 . 0  0 . 0 1 0  1 . 9 9  0 . 0 0  
0 0 . 0  0 0 . 0  0 0 . 0  0 . 0 1 0  1 . 4 5  0 . 0 0  
0 0 . 0  0 0 . 0  0 0 . 0  0 . 0 4 8  0 . 6 1  0 . 0 0  
0 0 . 0  0 0 . 0  0 0 . 0  0 . 0 9 6  0 . 1 6  0 . 0 0  
0 0 . 0  0 0 . 0  0 0 . 0  0 . 0 4 0  0 .  1 0  0 . 0 0  
P-926 MACKS BURG PROFILE FROM MADISON CO. 
DEPTH 
( IN) 
000-006 
008-013 
013-018 
018-025 
025-030 
030-034 
034-039 
039-044 
044-049 
049-054 
054-059 
059-064 
064-069 
069-074 
074-079 
079-083 
083-088 
C88-093 
093-098 
098-103 
103-108 
108-113 
113-118 
118-125 
125-130 
130-133 
133-138 
138-144 
144-150 
150-156 
31-16 16-8 > 6 1  
U) 
01.7 
01.3 
01.5 
01. 8 
01.4 
00.9 
0 1 . 0  
00.9 
01.3 
0 1 . 1  
0 1 . 1  
00.6 
00.4 
00.5 
00.0 
00.9 
00.7 
00.3 
00.5 
00.4 
00.5 
00.6 
00.7 
00. 7 
00 .6  
00.5 
00.4 
00 .6  
01.3 
0 1 . 6  
61-31 
1 % )  
17. 1 
17.4 
1 6 . 6  
00. C 
15.1 
13.7 
14.0 
17.7 
17.4 
14.7 
15.3 
08 .2  
18.5 
18.5 
18.4 
18.0 
16.9 
1 6 . 8  
15.7 
16.5 
17.1 
1 6 . 2  
16.5 
17.8 
14.9 
13.9 
00. 0 
17.2 
13.5 
13.6 
24.4 
22.7 
22.6 
22.0 
24.3 
2 1 . 0  
20. 7 
23.4 
23. 8 
23.0 
22.5 
33.9 
24.7 
2 6 . 1  
26.4 
27.3 
27.7 
27.6 
27.9 
27.9 
29.4 
28. 7 
29.8 
30.9 
30. 6 
30.1 
29.3 
26.0 
20.5 
22. 8 
15.6 
1 6 . 0  
15.3 
15.2 
10.5 
14.5 
15.1 
13.7 
15.1 
15.8 
15.9 
14.1 
15.3 
15.3 
14.9 
15. 5 
15.6 
15.2 
16. 3 
15.1 
15.3 
15.9 
17.0 
17.0 
17.9 
1 8 . 0  
1 8 . 2  
18.4 
19.6 
19. 0 
8-4 
(%) 
07.3 
07.1 
06.4 
08.0 
07.5 
08.7 
07. 8 
07. 2 
06. 8 
08.4 
07.8 
07.9 
05.2 
05.2 
05.7 
05.8 
06. 2 
06. 5 
0 6 . 2  
06.  6  
06.3 
06. 1 
06.1 
05.3 
06.3 
06.2  
0 6 . 6  
06 .6  
08.9 
08.7 
4-2 
( %) 
05.4 
05.1 
0 6 . 2  
00. 0 
05. 3 
05. 1 
05. 5 
05.3 
05.4 
05. 5 
05.2 
04.4 
06. 2 
05. 7 
0 6 . 0  
05.8 
05. 7 
05.8 
00. 5 
05. 5 
03.9 
05. 7 
05.7 
04.9 
05.2 
05.3 
00 .0  
05. 8 
07.3 
07.0 
<2 2-1 <1 62-2 MN FE T . C . TP 
( % )  (?) { % )  ( ? )  ( % )  (%) { % )  (%) 
28. 5 03. 2 25.3 69.8 0.096 1.10 2.72 000 
3 0.4 03. 6 26.8 68.3 0.094 1.13 2.21 000 
31.5 03. 5 28.0 67. 0 0.090 1.26 1.76 000 
00.0 00. 0 00.0 00.0 0.088 1.29 1.18 000 
35.4 03. 2 32.2 63.2 0.064 1.35 0.63 000 
36. 1 02. 1 34.0 63.0 0.050 1.31 0.39 000 
35.9 04. 3 31.6 63.1 0.056 1.50 0.19 000 
31.8 05. 4 26.4 67.3 0.070 1.28 0.14 000 
30. 2 04. 5 25.7 68.5 0,134 1.58 0.07 000 
31.5 04. 2 27.3 67.4 0.094 1.45 0.09 000 
32.2 04. 7 27,5 66.7 0. 076 1.26 0.11 000 
31.0 04. 8 26.2 00.0 0.038 1.23 0.19 000 
29. 7 03. 8 25.9 00. 0 0.022 0.81 0.00 000 
28. 7 04. 1 24.6 00.0 0.044 1.15 0.00 000 
27.8 04. 3 23.5 00. 0 0.058 1.16 0.00 000 
26.7 03. 8 22.9 00.0 0.058 1.78 0.00 000 
27.2 04. 0 23.2 00. 0 0. 134 1.66 0.00 000 
27.8 04. 1 23.7 00.0 0.104 2.40 0.00 000 
32.9 09. 1 23.8 00.0 0.068 1.20 0.00 000 
28.0 06. 5 21. 5 00. 0 0.046 1.88 0.00 000 
27.5 05. 1 22.4 00.0 0.074 1.25 0.00 000 
26. 8 04. 0 22.8 00. 0 0.058 0.89 0.00 000 
24.2 04. 1 20.1 00.0 0.070 1.31 0.00 000 
23.4 03. 8 19.6 00.0 0.074 0.99 0.00 000 
24. 5 03. 8 20.7 00.0 0.098 1.63 0.00 000 
26.0 04. 2 21.8 00.0 0.058 1.03 0.00 000 
00.0 00. 0 00.0 00.0 0.068 0.88 0.00 000 
2 5.4 03. 4 22.0 00.0 0.058 0.70 0.00 000 
28.9 03. 6 25.3 00.0 0.048 1.35 0.00 000 
27.3 03. 7 23.6 00.0 0.004 0.41 0.00 000 
(CONTINUED» 
DEPTH >61 61-31 31-16 16-8 8-4 
(M 1 
(  IN) (%) ( %) (%l (%» ( ( 
156-168 04. 0 16.2 21.4 15.5 07. 2 05. 7 
168-174 03. 8 17.5 18.6 14.4 06. 4 06. 0 
174-180 04. 4 12.3 20. 5 14.7 07. 4 05. 5 
180-190 03. 9 14. 8 18.1 12.3 06. 9 04. 3 
190-200 03. 5 14. 5 15. 2 11.4 05. 6 04. 3 
200-210 01. 1 15.1 14.2 11.0 06. 2 03. 0 
210-220 02. 9 13.6 15.0 11.7 06. 2 04. 1 
<2 
( % )  
2-1  
( % )  
<1 62-2 MN FE T.C. TP 
(%» (%) (%) (%l (%l (%» 
30. 0 03. 0 27.0 00. 0 0. 006 0. 73 0.00 000 
33. 3 02. 6 20.7 00. 0 0. 008 0. 89 0.00 000 
35. 2 00. 3 34.9 00. 0 0. 046 0. 90 0.00 000 
39. 7 03. 8 35.9 00. 0 0. 050 0. 75 0.00 000 
45. 8 02. 0 43.8 00. 0 0. 042 0. 88 0.00 000 
49. 4 02. 2 47.2 00. 0 0. 008 0. 63 0.00 000 
46. 5 02. 6 43.9 00. 0 0. 006 0. 78 0.00 000 
H 
00 
9 - 9 2 1  MACKSBURG PROFILE FROM MADISON CO. 
TOTAL 
DEPTH VCS cs MS FS VFS SILT 
( IN ) < % )  { % )  { % )  (%l ( %) (%) 
000-008 0.2 0.4 0.4 0.5 0.9 65.0 
008-012 0. 2 0.4 0.4 0.5 0.7 61.8 
012-015 0.2 0.6 0.4 0.5 0.7 60.3 
015-01 8 0. 0 0. 0 0.0 0.0 0. 0 00.0 
018-024 0.4 0.6 0.4 0.4 0. 6 58.8 
024-030 0.3 0.4 0.3 0.5 0.6 58.1 
030-036 0.1 0.3 0.2 0.6 0.6 59.4 
036-041 0.1 0.5 0.3 0.7 0.7 62. 5 
041-045 0. 1 0.3 0.2 0.5 0.9 64.3 
045-050 0. 0 0. 0 0. 0 0. 0 0.0 00.0 
050-063 0.1 0.1 0.1 0.3 0.9 64.7 
063-073 0.0 0.1 0.1 0.3 0. 8 67.9 
073-084 0.1 0.2 0.2 0. 5 1.0 69.3 
084-090 0.1 0.1 0.2 0,5 1.2 69.4 
090-096 0. 0 0.0 0.0 0.0 0. 0 00.0 
096-107 0.0 0.0 0.0 0.0 0.0 00.0 
107-109 0.0 0.0 0.0 0.0 0.0 00.0 
109-113 0.0 0.0 0.0 0.0 0. 0 00.0 
113-118 0.0 0.0 0.0 0.0 0.0 00.0 
118-128 0. 0 0.0 0.0 0.0 0.0 00.0 
128-134 0. 0 0.0 0.0 0.0 0.0 00.0 
COARSE FINE 
CLAY SILT SILT MN FE T.C. 
(%) ( ( % )  ( % )  { % )  { % )  
32.6 29. 6 36.5 0.076 0.83 3.03 
36.0 27.3 35.4 0.058 0.90 2.80 
37. 3 26. 3 35.0 0.056 1.06 2.03 
00.0 00.0 00.0 0.000 0. 00 0.00 
38. 8 24.6 35.0 0.110 1.50 1.45 
39.8 24.4 34.6 0.096 1.34 1.00 
38.8 25.8 34.6 0.104 1.38 0.62 
35. 2 27.6 36.1 0.060 0.74 0.37 
33.7 29.2 36.3 0. 044 0.84 0.25 
00.0 00.0 00.0 0.000 0.00 0.00 
33. 8 32.5 33.3 0. 086 1.20 0.15 
30.8 34.8 34.1 0.104 0.78 0.09 
2 8.7 35,4 35.2 0.084 1.20 0.09 
28.5 35.2 35.7 0.098 1.05 0.10 
00.0 00.0 00.0 0.000 0.00 0.00 
00. 0 00.0 00.0 0.116 0.99 0.00 
00.0 00.0 00.0 0.000 0.00 0.00 
00.0 00.0 00.0 0.016 0.30 0.00 
00.0 00.0 00.0 0.028 2.44 0.00 
00.0 00.0 00.0 0.000 0.00 0.00 
00. 0 00. 0 00.0 0.084 2.58 0.00 
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P - 9 2 9  H A I G  P R O F I L E  F R O M  C L A R K E  C O .  
DEPTH >61 61-31 31-16 1 6-8 cs
 1 4-2 
(IN) { % )  ( % )  (%) (  % )  
noo-007 01.6 14. 2 27. 9 17. 0 09. 7 06. 
007-011 01.9 11. 9 25. 2 16. 6 09. 2 05. 
011-015 02.0 11. 0 22. 2 15. 5 08. 6 04. 
015-019 02.0 09. 5 20. 2 15. 5 09. 4 04. 
019-024 01.6 09. 5 18. 3 13. 9 07. 3 06. 
024-030 01.9 10. 3 19. 0 14. 3 07. 2 05. 
030-037 01.5 09. 8 21. 2 15. 2 07. 5 05. 
037-042 01.2 09. 3 22. 6 16. 6 08. 3 06. 
042-047 00.6 12. 9 27. 1 19. 1 06. 7 05. 
047-052 01.3 10. 3 23. 2 19. 2 08. 0 05. 
052-058 00.3 09. 7 25. 1 1 8. 1 08. 6 05. 
058-063 00.7 10. 5 26. 1 18. 2 08. 5 05. 
063-068 00.5 10. 6 27. 3 18. 7 08. 6 05. 
068-073 00.4 09. 9 26. 6 19. 2 08. 8 05. 
073-078 00.4 11. 7 22. 2 17. 3 07. 9 05. 
078-083 00. 5 11. 7 27. 7 19. 3 08. 2 05. 
083-088 01.1 10. 6 29. 0 18. 9 07. 8 05. 
088-095 00.0 00. 0 00. 0 00. 0 00. 0 00. 
095-100 01.6 08. 5 22. 4 17. 1 10. 7 05. 
100-105 01.2 08. 8 21. 8 17. 5 10. 3 05. 
5 
3 
6 
6 
7 
4 
3 
3 
5 
9 
6 
7 
5 
8 
9 
0 
1 
0 
8 
4 
<2 2-1 <1 62-2 MN FE T.C. TP 
( %l ( (?) ( %) (%) (%) (%) (%) 
23. 1 06. 3 16. 8 75.3 0.070 0.65 2.19 000 
29. 9 04. 2 25. 7 68.2 0.054 0.70 1.69 000 
36. 1 04. 2 31. 9 61.9 0.064 0.88 1.23 000 
38. 8 07. 4 31. 4 00.0 0.090 1.03 0.89 000 
42. 7 08. C 34. 2 55.7 0.106 1. 15 0. 59 000 
41. 9 05. 4 36. 5 56.2 0.120 1.18 0.37 000 
39. 5 05. 0 34. 5 59.0 0.086 1.08 0.18 000 
35. 7 06. 1 29. 6 00.0 0.110 0.95 0.17 000 
28. 1 04. 6 23. 5 00.0 0.062 0.60 0.03 000 
32. 1 03. 5 28. 6 00.0 0.128 1.36 0.02 000 
32. 6 05. 1 27. 5 00.0 0.026 0.69 0.09 000 
30. 3 0 5. 4 24. 9 00. 0 0.064 1.25 0.10 000 
28. 8 05. 1 23. 7 00.0 0.046 0.59 0.00 000 
29. 3 05. 0 24. 3 00.0 0.060 0.34 0.00 000 
34. 6 05. 3 29. 3 00. 0 0.030 1.15 0.00 000 
27. 6 04. 5 22. 5 00.0 0.034 0.54 0.00 000 
27. 5 04. 5 23. 0 00.0 0.080 3.60 0.00 000 
00. 0 00. 0 00. 0 00. 0 0.020 2.65 0.00 000 
33. 9 06. 0 27. 9 00.0 0.020 0.93 0.00 000 
35. 0 09. 3 25. 7 00.0 0.058 0.24 0.00 000 
P-9B0 GRUNDY PROFILE FROM CLARKE CO. 5 % 
DEPTH >61 61-31 31-16 16-8 8-4 
CM 1 
(IN) (  % )  ( ? )  (  % )  1 % )  (  % )  (  % )  
nno-007 01.5 12. 6 2 6. 3 07. 7 12.4 03. 
007-010 01.2 11. 7 24. 3 12. 1 07. 8 04. 
010-013 01.2 10. 5 23. 6 12. 0 07. 7 04. 
013-017 01.4 09. 2 21. 7 12. 6 07.9 04. 
017-022 01.5 06. 6 21. 2 15. 5 08.1 05. 
022-028 01. 5 08. 3 23. 6 14. 8 09.0 06. 
028-036 00.7 C8. 7 25. 9 16. 9 10. 2 04. 
036-040 01. 5 08. 4 27. 3 16. 7 09.3 05. 
040-045 00.9 08. 8 29. 6 16. 2 09.3 04. 
045-051 01.7 09. 1 2 8. 4 17. 3 08. 9 04. 
051-055 01.2 09. 1 28. 7 17. 7 09. 1 04. 
055-060 00. 8 09. 5 3 0. 3 2 0. 2 07. 0 04. 
060-065 01.6 09. 1 29. 7 18. 7 08.9 06. 
065-072 00.9 07. 9 28. 4 20. 0 09.6 04. 
072-076 01.4 06. 5 24. 4 19. 9 12. 1 06. 
076-080 00.0 00. 0 00. 0 00. 0 00.0 00. 
080-087 03.5 09. 2 23. 4 18. 6 10.9 05. 
087-092 04.3 15. 2 19. 1 16. 6 09. 1 04. 
092-100 00.0 00. 0 00. 0 GO, 0 00.0 00. 
100-108 04.3 10. 4 22. 5 08. 8 08. 8 04. 
8 
0 
1 
7 
1 
2 
2 
1 
7 
6 
6 
2 
0 
7 
2 
0 
5 
6 
0 
1 
<2 2-1 <1 62-2 MN FE T.C. TP 
(%* i % \  (%) ( % 1 (%l (%) (%) (%) 
33. 7 04. 5 29. 2 64.8 0.078 0.96 2.02 000 
37. 9 04. 5 33. 4 60.9 0.070 1.01 1.48 000 
40. 9 04. 7 36. 2 00.0 0.098 1.18 1.22 000 
42. 5 04. 9 37. 6 56.1 0.132 1.30 0.77 000 
42. 0 06. 3 35. 7 56.5 0.224 1.30 0.47 000 
36. 6 06. 8 30. 8 61 .9 0. 126 1.23 0.31 000 
33. 4 05. 9 27. 5 65.9 0.062 1.18 0.11 000 
31. 7 06. 0 25. 7 00.0 0.138 1.46 0.08 000 
30. 5 06. 0 24. 5 00.0 0.092 1.03 0. 16 000 
30. 0 05. 6 24. 4 00.0 0.204 1.30 0.10 000 
29. 6 05. 3 24. 3 00.0 0.130 0.96 0.07 000 
28. 0 05. 2 22. 8 00.0 0.064 1.19 0.03 000 
26. 0 03. 2 22. 8 00.0 0.168 0.49 0.00 000 
28. 5 05. 3 23. 2 00. 0 0.056 2.40 0. 00 000 
29. 5 05. 7 23. 8 00.0 0.056 2.30 0.00 000 
00. 0 00. 0 00. 0 00.0 0.064 3.10 0.00 000 
28. 9 04. 5 24. 4 00.0 0.014 0.99 0.00 000 
31. 1 04. 4 26. 7 00.0 0.002 0.68 0.00 000 
00. 0 00. 0 00. 0 00.0 0.000 0.40 0.00 000 
34. 4 03. 7 30. 7 00.0 0.000 4.00 0.00 000 
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APPENDIX 2. FIELD MOISTURE CONTENT, 40 CM. TENSION MOISTURE 
CONTENT, BULK DENSITY, NONCAPILLARY AND CAPILLARY 
POROSITY, AND TOTAL SOIL VOLUME FOR 16 SAMPLE 
SITES 
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P-926 MACKSBURG PROFILE FROM MADISON CO. 
DEPTH FIELD 40CM, BULK NON-CAP. CAPILLARY TOTAL 
MOISTURE MOISTURE DENSITY POROSITY POROSITY VOID 
CONTENT CONTENT VOLUME 
( IN» It) it) G./CC. ( % )  ( % )  (%l 
000-008 29.8 32.6 1.27 10.8 41.3 52.1 
008-013 29.6 32.3 1.28 10.9 40.8 51.7 
013-018 30.6 32.6 1.25 11.6 41.2 52.8 
018-025 29.5 31.8 1.27 12.4 39.9 52.3 
025-030 29.1 30.8 1.33 10.4 39.5 49.9 
030-034 28.7 30.0 1.36 07.9 40.8 48.7 
034-039 29.1 30.1 1.39 05.6 42.0 47.6 
039-044 29. 8 29.9 1.41 04.4 42.4 46.8 
044-049 23.0 29.7 1.41 05.1 41.7 46. 8 
049-054 23.0 29.8 1.43 03.4 43.4 46.8 
054-059 25.8 29.3 1.47 02.0 42.5 44.5 
P-927 MACKSBURG PROFILE FROM MADISON CO. 
DEPTH FIELD 4ÛCM. BULK NON-CAP. CAPILLARY TOTAL 
MOTSTURE MOISTURE DENSITY POROSITY POROSITY VOID 
CONTENT CONTENT VOLUME 
( IN) (XI G,/CC. { % )  ( % )  { % )  
000-008 29.0 31.1 1.36 07.6 41.1 48.7 
008-012 29. 5 30.9 1.34 07.7 41.8 49.5 
012-015 28.8 31,6 1.34 07. 2 42.2 49.4 
CI 5—01 S 29.6 30. o 1.34 08.0 41.4 49.4 
016-024 30.1 30.8 1.34 08.1 41.3 49.4 
024-030 30.9 32.8 1.37 03.4 45.0 48.4 
030-036 32.<5 33.6 J.?8 01.8 46.2 48.0 
036-041 30.9 31.7 1.42 01.8 44. 7 46. 5 
041—045 2^.9 30.4 1.45 01.3 44.0 45.3 
045-050 30. 1 30.5 1.45 00.9 42.4 43.3 
050-0(^3 3 2.1 33.1 1.40 00.9 46. 3 ^7. 2 
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P-916 GRUNDY PROFILE FROM LEE CO. 2-3 % SLOPE 
DEPTH FIELD 40CM. BULK NON-CAP. CAPILLARY TOT A 
MOISTURE MOISTURE DENS ITY POROSITY POROSITY VOID 
CONTENT CONTENT VOLUM 
( IN) < % )  ( %) G./CC. (%) ( % )  {%) 
000-007 18.2 27.9 1.36 10.8 37.9 48.7 
007-010 23.3 28.5 1.37 10.4 38.1 48.5 
010-014 24.0 23.6 1.34 11.1 38.4 49.5 
014-019 27.0 29.7 1.35 09.5 40.0 49.5 
019-024 30.2 31.9 1.33 07.4 42.3 49.7 
024-030 31.5 32.0 1.38 04.3 44.1 48.4 
030-036 30.8 31.6 1.40 02.7 44.3 47.0 
036-042 32.0 32.2 1.41 01.6 45.4 47.0 
042-052 31.4 32.1 1.39 02.7 45.0 47.7 
052-060 32.0 33.0 1.39 01.9 45.7 47.6 
060-072 31.0 32.0 1.38 01.0 46.7 47.7 
072-084 30.6 31.1 1.43 01.2 44.6 45.9 
P-921 GRUNDY PROFILE FROM LEE CO. 2 %  SLOPE 
DEPTH FIELD 40CM, BULK NON-CAP. CAPILLARY TOTAL 
MOISTURE MOISTURE DENSITY POROSITY POROSITY VOID 
CONTENT CONTENT VOLUME 
(IN) (S) G./CC. (%) (%l (%) 
000-010  15 .2  27 .4  1 .42  10 .3  35 .8  46. 1  
010-Cl?  00 .  0  ro .o  0 ,  00  00 .0  00 .0  00 .0  
n12—C17 17 .4  1 .  37  12 .7  35 .  0  47 .  7  
017-021  29 .S  1 .42  10 .5  38 .1  48 .6  
021-026  25.^ ? .T .9  1.45 02.9 42.5 45.4 
028-032 24.0 19.2 1.44 04.4 40.8 45.2 
032-038 25.0 28.^ 1.47 03 .8  41.0 44. 8 
03 8-044 26 .0  28.2 1.48 02 .  7 41.7 44.4 
044-049 25.9 27.: 1.51 02.3 41.0 43.3 
049-054 26.9 27.5 l .SO 01 .  8  40.7 42. 5 
054—05o 25.0 25,c 55 01.7 39 .8  41.5 
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P-915 TAMA'SKARPSBUP.G-LADOGFT (TGI) PPOFILE FROM WARREN CC. 
DEPTH FIELD 40R.M, PULK NON-CAP. CAPILLARY TOTAL 
MOISTURE MOISTURE DENSITY POROSITY POROSITY VOID 
CONTENT CONTENT VOLUME { IN ) it) { % )  c./cr. ( % )  ( % )  (?) 
000-C08 16.1 25.6 1.44 06.3 38.5 44. 8 
C08-014 17.4 26.1 1.43 05.4 40,6 46.0 
014-018 18.F 27,1 1.34 14.2 35.2 40.4 
018-022 21.5 ?7.8 1.28 16.0 35.6 51.6 
022-C28 21.8 27,5 1.28 1 6.5 35.1 51.6 
028-034 23.8 28.4 1.29 14.6 36.7 51.3 
034-048 23. 8 28.0 1.38 09.5 40.5 50.0 
048-054 24.6 2 5.4 1.42 10.4 36, 0 46.4 
056-060 24, 6 25.5 1.43 09.7 36,3 46. 0 
060-066 25.3 27.4 1.4? 07.5 38.7 46.2 
066-072 27.5 27.7 1.43 06.5 39.6 46. 1 
072-078 29.4 28. 8 1.43 05.0 41.0 46.0 
P-928 TAMA PROFILE FROM GRUNDY CO. 
DEPTH FIELD 40CM. BULK NON-CAP. CAPILLARY TOTAL 
MOISTURE MOISTURE DENSITY POROSITY POROSITY VOID 
CONTENT CONTENT VOLUME ( IN) (%) (%) G./CC. { % )  (%) (%) 
000-008 29.9 31.2 1.31 10.0 40.6 50,6 
008-013 29.3 30. 9 1.28 12.0 3 9,7 51,7 ry y A  ^ V 23.2 20. 2 1.29 12.4 39.C 51,4 
019-024 27.5 29.1 1.27 15.2 36.9 52,1 
024-030 26.4 27.7 1. 35 11.9 37,3 49, 2  
030-036 26.5 27.4 1.40 OQ. 1 38,1 47.2 
036-042 28, 5 2S,4 1.32 12.2 38,0 50.2 042-048 27. 5 27,5 1.36 11.2 37, 4 48. 6 
048-054 23.7 28.4 1.42 06.4 40,0 46. 4 054-060 30. 1 30.? 1 .40 04.4 42.8 47.2 
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P-914 SHARPSBUPG PROFILE FOGM WARREN CO. 
DEPTH FIELD 40CM. BULK NON-CAP. CAPILLARY TOTAL 
MOISTURE MOISTURE DENSITY POROSITY POROSITY VOID 
CONTENT CONTENT VOLUME 
( IN ) { % )  (?) G./CC. (?) (?) (?) 
000-007 25. 1 31.5 1.37 08.5 43.1 51.6 
007-012 27.3 32.8 1.29 09.0 42.3 51.3 
012-016 27.9 32.2 1.28 10.5 41.3 51.7 
016-020 27.9 31.6 1.29 10.2 40.9 51.0 
020-025 27.9 31.4 1.32 08.7 41. 5 50.2 
025-029 27.2 29.5 1.34 09.6 39.7 49.3 
029-034 27.4 28. 8 1.36 09.3 39.2 48.6 
034-042 28.6 29.4 1.34 10. 1 39. 3 49.4 
042-048 28.3 2 8.7 1.41 07.4 39.5 46.9 
048-05-4 29.9 31.1 1.40 05.5 41.6 47.1 
054-060 30.6 30.6 1.41 04,8 42.0 66.7 
P-919 LEACHED DOW PROFILE FROM F R E M O N T  CO# 
DEPTH FIELD 40CM. BULK NON-CAP. CAPILLARY TOTAL 
MOISTURE MOISTURE DENS ITY POROSITY POROSITY VOID 
CONTENT CONTENT VOLUME 
( IN) (?) (?) G./CC. i%) (?) (?) 
000-006 30. 9 32.0 1.36 05.0 44.0 49.0 
006-010 29.0 31.2 1.35 07. 2 41. 9 49. 1 
010-015 28.2 30.2 1.34 08.9 40.6 49. 5 
015-01 "9 27.3 26. 5 1.40 07.9 39.3 47.2 
019-025 '6.1 26.6 1.43 06. 8 38. 3 45.1 
025-029 26.6 27.4 1.34 06.6 42.9 49.5 
029-035 2 5.0 25.4 1,51 04,7 38.3 43.0 
035-041 2 = .8 27.1 1.46 05.4 39. 5 44. 9 
041-047 25.3 27.7 1.46 05.1 40.0 45.1 
047-053 26.6 30.0 1.40 04.6 42.6 47.2 
C53-C58 25.5 28.4 1.44 04.6 41.1 45.7 
058-064 27. 6 30.7 1.38 05.2 42.8 48,0 
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P-924 M&H&SKA PROFILE FROM KECKUK CO. 
DEPTH FIELD 40CM. BULK NON-CAP, CAPILLARY TOTAL 
MOISTURE MOISTURE DENSITY POROSITY POROSITY VOID 
CONTENT CONTENT VOLUME (IN) ( ? )  ( % )  G./CC. (?) (  % )  ( ? )  
000-007 27,6 29.4 1.40 06.2 41.0 47.2 
007-013 27.8 28.8 1.32 13.0 37.2 50.2 
013-018 28. 9 29.6 1.23 11.9 38.0 49.9 
018-024 27.9 28.9 1.35 10.2 38.9 39.1 
024-030 28.8 29.4 1.33 09.8 40.0 49. 8 
030-035 29. 1 29.1 1.39 07.5 40.1 47. 6 
035-040 28.7 28. 5 1.43 05.5 40.5 46.0 
040-046 28.7 28.5 1.45 03.9 41.4 46. 3 
046-051 28.4 28.1 1.47 03.8 40.7 44.5 
051-056 27.5 27.3 1.48 03.3 40.9 44.2 
056-061 29.7 29.6 1.44 02.5 43.1 45.6 
P-925 MAHASKA PROFILE FROM WASHINGTON CO. 
DEPTH FIELD 40CM. SULK NON—CAP. CAPILLARY TOTAL 
MOISTURE MOISTURE DENSITY POROSITY POROSITY VOID 
CONTENT CONTENT VOLUME 
( IN) (?) (?) G./CC. (?) (?) (?) 
000-008 28.6 32.8 1.27 10.9 41.2 52.1 
C08-013 29.7 31.8 1.34 06.9 42.6 49.5 
013-017 28. 7 30,7 1.34 08.0 41.4 49.4 
017-02 3 29.Ù 30.7 1.35 07.4 41.7 49.1 
023-027 2d,9 30.1 1.42 04.1 42.4 46. 5 
027-030 27.8 29.5 1.46 03.5 41.4 44.9 
030-035 2 7, 6 27.3 1.47 04.5 40.1 44.6 
035-042 27.4 26.6 1.47 05.2 39.3 44. 5 
042-051 27.4 26.5 1.47 05.4 39.2 44.6 
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P-922 GRUNDY PROFILE FROM LEE CO. 5-7% SLOPE 
DEPTH FIELD 40CM. BULK NON-CAP. CAPILLARY TOTAL 
MOISTURE MOISTURE DENSITY POROSITY POROSITY VOID 
CONTENT CONTENT VOLUME (IN) ( % )  G./CC. (%) (%L ( % )  
000-008 18. 6 26.0 1. 53 02.4 39.9 42.3 
008-010 22.C 29.2 1.44 05.5 40.2 45.7 
010-014 27.1 33.3 1.40 05.5 40.6 46.1 
014-016 24.1 30.6 1.42 05.9 41.2 47.1 
018-024 24.1 30.3 1.42 05.4 43.1 46. 5 
024-027 21.7 24.5 1.57 02.4 38.2 40.6 
027-031 00.0 00.0 0.00 00.0 00.0 00. 0 
031-035 22.4 24.7 1. 58 01.9 38.8 40.7 
035-042 23.2 24.7 1.57 01.7 38.9 40.6 
042-046 22.8 23.7 1.62 01.2 37.8 39.0 
046-052 24.7 27.9 1. 57 01.1 39.6 40.7 
052-059 23.2 23.5 1.61 00.8 38.1 38.9 
P-930 GRUNDY PROFILE FROM CLARKE CO. 5 Z SLOPE 
DEPTH FIELD 40CM. BULK NON-CAP. CAPILLARY TOTAL 
MOISTURE MOISTURE DENSITY POROSITY POROSITY VOID 
CO.NT ENL COM ENT VOLUME ( INX (%L G./CC. { % >  (%) (%) 
000-007 26.7 30.7 1.40 03.9 43.3 47.2 
007-010 30.4 33.4 1.32 06.3 43.9 50.2 
01C — 0 Î. 3 0C'« 0 00. 0 0. 00 00.0 00.0 00.0 
013-017 29.6 31.1 1.40 03.5 43.6 47. 1 
017- 021 27.4 28.7 1.46 03.1 41.8 44.9 
022-022 26. 5 27.5 1.47 03.9 40.6 44.5 
028-036 25. 6 27.0 1.53 01.0 41.3 42.3 
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P-918 GRUNDY PROFILE FkOM CLARKE CO. 2% SLOPE 
DEPTH FÎPLFJ 40CM, BULK NON-CAP. CAPILLARY TOTAL 
MOISTURE MOISTURE DENSITY POROSITY POROSITY VOID 
CONTENT CONTENT VOLUME 
( IN) 43) (%) G./CC« (%) ( %) (%) 
000-009 24.2 30.9 1.35 07.6 41.7 49.3 
009-013 31.2 33.1 1.32 06.9 43.2 50.1 
013-016 00.0 00.0 0.00 00.0 00.0 00. 0 
016-019 30.2 30.9 1.27 11.7 40.5 50.2 
019-024 SL.F 31.8 1.29 09.8 41.4 51.2 
024-029 ?2E7 34.3 J.35 05.0 44.2 49.2 
029-033 32.0 33.5 1.36 03.4 45.3 48.7 
033-039 30.6 32.5 1.39 02.2 45.4 47.6 
P-929 HAIG PROFILE FROM CLARKE CO, 
DEPTH F I ELU 40CM. BULK NON-CAP. CAPILLARY TOTAL 
MOISTURE MOISTURE DENSITY POROSITY POROSITY VOID 
CONTENT CONTENT VOLUME 
( IN) (Z) (%) G./CC. (%) (%L (%) 
000-007 27.9 30.4 1.37 06.6 41.7 48.3 
007-011 25.4 28.2 1.3Ô 10.2 38.5 48.7 
011-015 26.6 28.7 1.38 08.6 39.5 48. 1 
015-019 00.0 00.0 0.00 00.0 00.0 00.0 
^19-024 30. 5 32.2 1.38 03.6 44.3 47.9 
Û24-030 30.0 31.5 1.38 04.5 43.4 47.9 
C30—037 26.5 30.2 1.45 01.6 43.7 45.3 
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P-QI7 HAIG PROFILE FROM LEH CO. 
DEPTH FIELD 40CM, BULK NON-CAP. CAPILLARY TOTAL 
MOISTURE MOISTURE DENSITY POROSITY POROSITY VOID 
CONTENT CONTENT VOLUME ( INI < % >  ( % )  G./CC. (%) (%) (%) 
000-007 31.9 33.9 1.3? 05.8 44.6 50,4 
007-012 30.5 31.9 1.32 09.7 40. 3 50. 1 
012-016 26.8 ?7. 8 1.39 09.2 38.5 47.7 
016-019 2^.7 29.3 :..4o 06.0 41.0 47.0 
019-023 31.7 32.O '.35 04.1 45.1 49.2 
023-027 34. 0 35. T 1.3? 02.6 47.8 50.4 
027-031 34.1 35.3 1.33 02.2 47.5 49.7 
031-037 29. 1 30. 1 1.41 04.5 42.4 46.9 
037-041 27.6 28.9 1.45 03.3 43. 7 47.0 
041-047 2T.8 27.4 I.50 02.7 40.9 43.6 
047-055 27.6 2 8. 7 1.46 03.3 41.7 45.0 
055-061 28.6 28.7 1.47 02.7 42.0 44.7 
P-G23 HAIG PROFILE FROM LEE CO. 
DEPTH FIF.LO A-OCM, P.UIK NON-CAP. CAPILLARY TOTAL 
MOISTURE MOISTURE DENSITY POROSITY POROSITY VOID 
CONTENT CONTENT VOLUME ( IN ) (%) G./CC. { % )  ( % )  {%) 
000-010 19.3 28.6 1.42 05.7 36.7 44.4 
010-013 16.9 32.1 1.25 10.0 40.4 50.4 
A. ^  \J A ' 25. 1 31.2 1.30 10.0 38.3 48.3 
0}. 7-020 26.3 33.1 1.34 05.4 41*^ 46.8 
020-024 00.0 00.0 0.00 00,0 00.0 00.0 
024-030 24. 8 29. C 1.43 03.B 41.1 44.7 
030-03^ 24.1 28.2 1.43 05.6 38.9 44.5 
036-042 2-.E 26.4 1.50 03.3 38.6 41.9 
042—04^ 25. C 26. 6 1.53 01.6 40.7 42.3 
047-051 24.2 25.4 1.54 02.7 39.1 41. 8 
051-055 25.1 25. 3 1.55 02.6 39.1 41.5 
055-061 23.8 23.3 1.59 01.8 38,0 39.8 
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APPENDIX 3. K-FELDSPAR AND Ca-FELDSPAIi PERCENTAGES FOR 
6 LOESS DERIVED SOILS 
Horl- Sample 
zon no. 
Depth Opaque Quartz K 
(in.) no. no. no. 
P-916 - Grundy, Lee Co. 
A 1 0-7 4 ]23 30 
2 7-10 4 87 10 
B 3 10-14 1 124 13 
4 14-19 1 109 11 
5 19-24 5 95 11 
6 24-30 4 103 11 
7 30-36 3 82 6 
C 8 36-42 3 110 13 
9 42-52 2 98 11 
10 52-60 2 128 18 
13 72-78 1 104 23 
P-92I-I - Grundy, Lee Co, 
A 1 0-10 2 123 13 
2 10-13 4 124 14 
B 3 13-17 2 119 38 
4 17-21 3 121 25 
5 21-28 4 138 28 
6 28-32 2 110 18 
7 32-38 4 153 10 
8 38-44 4 104 5 
C 9 44-49 3 155 35 
11 54-58 3 120 20 
13 62-68 3 40 12 
16 76-82 3 115 20 
18 80-92 4 94 6 
Ca Total Opaque Quartz K Ca 
no, count % % % % 
5 162 2 76 19 3 
2 103 4 84 10 2 
1 139 1 89 9 1 
1 122 1 89 9 1 
7 118 4 81 9 6 
4 122 3 84 9 3 
9 100 3 82 6 9 
7 133 2 82 10 5 
7 118 2 83 9 6 
3 151 1 85 12 2 
2 130 1 80 18 2 
5 143 1 86 9 4 
4 146 3 85 9 3 
3 162 1 85 12 2 
3 152 2 86 10 2 
5 175 2 83 12 3 
3 133 1 84 13 2 
4 171 2 89 7 2 
7 120 3 87 4 6 
7 200 2 80 15 3 
5 148 2 81 13 3 
3 108 3 83 11 3 
4 142 2 84 11 3 
4 108 4 87 5 4 
Horl- Sample 
zon no. 
Depth Opaque Quartz K 
(in.) no. no. no. 
P-925 - Mahaska 
1 0-8 4 125 
2 8-13 4 101 
3 13-17 5 96 
4 17-23 4 110 
5 23-30 3 84 
30-35 4 100 
7 35-40 4 105 
8 42—46 4 120 
10 51-55 1 105 
12 60-64 3 95 
15 75-80 4 103 
17 84-90 5 119 
20 102-109 0 108 
22 119-126 2 135 
24 134-146 3 84 
26 151-157 2 108 
28 I65-17I 2 138 
30 177-184 3 103 
18 
9 
13 
13 
17 
14 
17 
19 
12 
22 
17 
12 
16 
17 
6 
14 
14 
19 
Ca Total Opaque Quartz 
no, count % % 
K Ca 
% % 
6 153 3 82 12 4 
7 121 3 83 7 6 
6 120 4 80 11 5 
6 133 3 83 10 5 
3 107 3 79 16 3 
4 122 3 82 11 3 
4 130 3 81 13 3 
5 148 3 81 13 3 
8 126 1 83 10 6 
10 130 2 73 17 8 
4 128 3 80 13 3 
10 146 3 82 8 7 
5 129 0 84 12 4 
7 161 1 84 11 4 
7 100 3 84 6 7 
5 129 2 84 11 4 
3 157 1 88 9 2 
6 131 2 79 15 5 
Horl- Sample Depth Opaque Quartz 
zon no, (In.) no. no. 
P-927 - Macksburg 
1 0-7 2 85 8 
2 7-12 2 122 13 
3 12-18 3 108 12 
4 18-24 3 103 8 
5 24-30 1 94 19 
6 30-36 2 111 11 
7 36-41 4 123 23 
8 41-46 3 113 13 
10 50-56 2 126 16 
11 56-63 6 78 10 
12 63-39 1 98 17 
14 73-78 2 107 12 
16 84-90 1 112 8 
Grundy 5^ slope, Lee Co. 
1 0-8 5 163 18 
2 8-10 3 130 14 
3 10-14 2 133 17 
4 14-18 4 131 14 
5 18-24 2 135 29 
6 24-27 8 137 17 
7 27-35 1 115 13 
9 35-40 2 157 13 
11 46-52 2 123 12 
12 52-59 2 122 13 
13 59-68 3 133 15 
15 68-73 4 117 6 
Ca Total Opaque Quartz K Ca 
no. count ^ % % % 
5 100 2 85 8 5 
2 139 1 88 9 1 
4 127 2 85 9 3 
3 117 3 88 7 3 
3 117 1 80 16 ? 
S 129 2 80 14 4 
4 154 2 80 15 3 
7 136 2 83 10 5 
7 151 1 83 11 5 
7 100 6 77 10 7 
6 122 1 80 14 5 
8 129 2 83 9 6 
5 126 1 89 6 4 
6 192 3 85 9 3 
5 152 2 86 9 3 
4 156 1 85 11 3 
5 154 3 85 9 3 
5 171 1 79 17 3 
6 168 5 81 10 4 
6 135 1 85 10 4 
7 179 1 88 7 4 
3 140 1 88 9 2 
2 139 1 88 9 2 
1 152 2 88 10 tr 
4 131 3 89 5 3 
Hori­
zon 
Sample Depth 
no. (In.) 
Quartz 
no. 
P-928 - Tama, Grundy Co, 
A 1 0-8 3 104 
2 8-13 3 149 
B 3 13-19 3 3 44 
k 19-24 5 111 
5 24-30 4 104 
6 30-36 3 ]22 
7 36-42 3 93 
C 8 42-48 6 109 
9 48-54 5 332 
11 60-65 2 120 
12 65-71 4 129 
P-918 - Grundy , Clarke Co • 
A 1 0-9 3 121 
2 9-13 1 113 
B 3 13-16 2 91 
k 16-19 2 92 
5 19-24 2 130 
6 24-29 3 302 
7 29-33 1 143 
8 33-39 3 108 
9 39-44 4 115 
C 10 44-50 4 88 
Ik 67-74 3 87 
K Ca Total Opaque Quartz K Ca 
no. no. count % % % % 
16 7 130 2 80 12 5 
17 5 174 2 85 10 3 
18 5 170 2 80 11 3 
10 4 130 4 85 8 3 
22 4 134 3 78 16 3 
16 2 143 2 85 12 1 
9 4 109 3 85 8 4 
11 3 129 5 84 9 2 
13 3 153 3 86 9 2 
10 3 135 2 89 7 2 
20 3 156 2 83 13 2 
12 5 141 2 86 8 4 
9 5 128 1 89 7 4 
4 3 100 2 91 4 3 
8 4 106 2 87 7 4 
8 2 142 1 92 6 1 
5 3 113 3 90 4 3 
16 4 175 1 88 ? 2 
5 2 118 3 91 4 2 
4 4 127 3 91 3 ? 
4 4 100 4 88 4 4 
5 5 100 3 87 5 5 
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APPENDIX 4. PROPILE DESCRIPTIONS, SERIES NAME, LOCATION, 
COUNTY, SLOPE AND ASPECT FOR 20 SITES INCLUDED 
IN THE STUDY 
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Series: 
County: 
Slope: 
Location: 
Aspect: 
Described byi 
Sharpsburg (P-914) 
Warren 
2^ 
200' N and 438' W of the SE cor. of NE.- NE: 
sec. 17, T.77N., R.25W. 
NNE 
McKim-Epley-Miller 
Ap 0-7 Black (lOYR 2/1) very dark brown (lOYR 
2/2) crushed med. silty clay loam; strong 
medium and fine granular structure; fri­
able; many roots ; abrupt smooth boundary, 
A22 7-12 Very dark grayish brown (lOYR 3/2) med. 
silty clay loam; very dark brown (lOYR 
2/2) ped faces; weak fine subangular 
blocky parting to strong fine granular 
structure; friable; many fine roots; clear 
smooth boundary, 
kr, 12-16 Dark brown (lOYR 4/3) medium silty clay 
loam; few black (lOYR 2/1), very dark 
brown 910YR 2/2) ped faces; dark brown 
(lOYR 3/3) kneaded; moderate very fine 
subangular blocky structure; friable; 
many fine roots ; clear smooth boundary. 
16-20 Dark brown (lOYR 4/3) medium silty clay 
loam; few fine faint very dark grayish 
brown (lOYR 3/2) stains ; weak medium and 
fine subangular blocky structure; friable ; 
few fine roots ; gradual smooth boundary. 
20-25 Dark brown (lOYR 4/3) medium silty clay 
loam; few medium faint very dark brown 
(lOYR 3/2) staining dark brown (lOYR 4/3) 
kneaded; moderate medium subanprular 
blocky structure; friable; very few fine 
roots; thin discontinuous clay films; 
gradual smooth boundary. 
'^22t 25-34 Dark brown (lOYR 4/3) light silty clay 
loam; few fine distinct yellowish red 
(5YR 5/8)» common medium distinct yellow­
ish brown (lOYR 5/4) mottles; moderate 
medium and fine subangular blocky parting 
to strong fine subangular blocky struc­
ture; firm; very few fine roots ; few fine 
and medium iron and rr.anscanese concretions; 
thin continuous clay films; gradual smooth 
boundary. 
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34-42 Dark brown (lOYR 4/3)  light sllty clay 
loam; common medium distinct yellowish 
red (5ÏH 4/8), common fine distinct olive 
pray ($YR 5/2) common fine distinct strong 
brown (7.5YR 5/8) mottles ; weak fine 
prismatic parting to moderate medium sub-
angular blocky structure; firm; very few 
fine roots ; thin discontinuous clay 
films; common very fine iron and manganese 
concretions; gradual smooth boundary. 
B-,^ 42-48 Olive gray (5YR 5/2) light sllty clay loam; 
^ common medium distinct yellowish brown 
(lOYR 5/^)I common fine distinct yellowish 
red (5YR 4/6) mottles; weak medium and 
fine prismatic to massive; firm, no roots ; 
thin discontinuous clay films; few iron 
and manganese concretions; gradual smooth 
boundary. 
C. 48-54 Same as 42-48 inch zone except common fine 
distinct strong brown (7.5YR 5/8) mottles; 
massive; no clay films, 
Cg 54-66 Olive gray (5YR 5/2) and olive (5YR 5/3) 
light sllty clay loam; many medium distinct 
strong brown (7.5YR 5/8) common fine dis­
tinct yellowish red (5YR 5/8) mottles; 
common iron and manganese concretions; 
friable; massive; gradual smooth boundary. 
^ ^ ^ A ^  C 4 /M» ( tV "O C / \ . rs \ ^ ^  ^ / A»/ *_.»*** f W ^ . .H4. v 
medium distinct strong brown (7.5YR 5/8) 
and few fine distinct yellowish red (5YR 
5/8) mottles; few iron and manganese con­
cretions; massive; friable; calcareous; 
gradual smooth boundary. 
C^, 75-87 Strong brown (7.5YR 5/8) silt loam; common 
medium prominant olive gray (5YH 5/2) mod­
erate coarse distinct yellowish red (5YR 
5/8) mottles ; common iron and manganese 
concretion; massive; friable; calcareous; 
gradual smooth boundary. 
87-94 Olive (5YR 5/3) silt loam; few moderate 
distinct yellowish brown (lOYR 5/8) mot­
tles ; massive; friable; calcareous; gradu­
al smooth boundary. 
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94-98 Same as 87-94 inch zone except common 
coarse promlnant yellowish brown (lOYR 
5/8) common fine distinct strong brown 
(7.5YR 5/8) mottles; few black (N 2/0) 
stains. 
Cy 98-102 Same as 87-9^ inch zone except few medium 
distinct yellowish brown (lOYR 5/8) mot­
tles • 
Cg 102-105 Same as 87-94 inch zone except common 
coarse distinct yellowish brown (lOYR 
5/8) and common medium distinct strong 
brown (7.5YR 5/8) mottles, 
Cg 105-110 Same as 87-94 inch zone except common 
medium distinct strong brown (7.5YR 5/8) 
mottles. 
C^Q IIO-II5 Yellowish brown (lOYR 5/8) silt loam; 
few medium distinct olive (5YR 5/3)» 
common coarse distinct strong brown 
(7*5YR 5/8) common coarse distinct 
yellowish red (5YR 5/8) mottles ; massive; 
friable; gradual smooth boundary. 
115-123 Same as 67-75 Inch zone except few medi­
um distinct yellowish brown (lOYR 5/8) 
few moderate distinct yellowish red (YR 
5/8 mottles. 
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Series : 
County: 
Slope: 
Location: 
Aspect: 
Described by: 
TSL (P915) 
Warren 
1$ 
300' S and 846' 
T.77N., R.22W. 
ESE 
McKim, Epley 
E of the NW cor. of SE4 sec, 31, 
Ap 0-7 Very dark brown (lOYR 2/2) silt loam; weak 
very fine granular structure: friable ; 
many roots; abrupt smooth boundary. 
A22 - 7-14 Very dark gray (lOYR 3/1) light sllty clay 
loam; moderate medium granular structure; 
friable; common roots ; abrupt smooth 
boundary. 
14-18 Dark brown ( lOYR 3/1) 1 ie-ht sllty clay 
loam; few fine faint dark yellowish broi-m 
(lOYR 4/4) ped coatlngrs; moderate very 
fine subangular blocky structure ; friable; 
common roots; clear smooth boundary. 
B2]_t 18-22 Very dark grayish brown ( lOYR 3/2) to dark 
grayish brown (lOYR 4/2) llrht silzy clay 
loam; moderate and strong- very fine sub-
angular and angular structure; friable ; 
few fine roots; very fine discontinuous 
clay films; gradual smooth boundary. 
'^22t 22-28 Dark bro'vn (lOYR 4/3) li,7:ht silty clay 
loam; moderate medium subancrular and 
angular blocky structure; friable ; few 
fine roots ; very fine discontinuous clay 
films; few worm casts; gradual smooth 
boundary. 
28-34 Dark brown (lOYR 4/3) lipht silty clay 
loam; dark yellowish brown (lOYR 4/4) 
kneaded; common medium distinct yellowish 
red ($YR 4/6) mottles; moderate medium 
subangular and angular blocky structure; 
friable; clear smooth boundary. 
34-48 Dark yellowish brown (lOYR 4/4) 1ight 
silty clay loam; common medium distinct 
yellowish brown (lOYR 5/4) and common medi­
um distinct yellowish red ($YR 4/6) mot­
tles ; few fine distinct olive {5Y 5/3) ped 
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coatings; moderate medium subancular 
blocky structure; friable; very few roots; 
gradual smooth boundary. 
48-5^ Dark yellowish brown (lOYR 4/4) lirht 
silty clay loam; common medium distinct 
yellowish brown (lOYR $/4), common medi­
um distinct yellowish red ($YR 4/6) 
mo-ctles; few fine distinct olive ( $Y 5/3) 
coatings on ped surfaces ; massive; many 
parting planes; friable; few manganese and 
iron concretions; gradual smooth boundary. 
Cp 54-78 Same as 48-54 inch zone except parting 
planes decrease with depth. 
78-84 Same as 48-54 inch zone except a 1/4 inch 
layer of black (lOYR 2/1) and very dark 
gray (lOYR 3/1) occurs at 80 inches, 
C. 84-102 Same as 48-54 inch zone except manganese 
concretions reappear. 
Cc 102-120 Same as 48-54 inch zone except manp-anese 
staining and concretions are common 
(30#). 
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Series: Grundy (P-916) 
County: Lee 
Slope; 
Location : 800' N of center of road and 36O' W of the SE 
cor. of SEt NW^ sec, 23, T.68, R,7W. 
Aspect: E 
Described by: KcKlm, Killer 
A? 0-7 Black (lOYH 2/1) heavy silt loam ; moder­
ate medium granular structure; friable; 
abundant roots; abrupt smooth boundary, 
A- 7-10 Black (lOYR 2/1) heavy silt loam; weak 
very fine subangular blocky parting to 
moderate very fine granular structure; 
friable; few fine iron concretions: many 
roots ; many worm casts ; clear smooth 
boundary, 
Bt lC-14 Very dark p-ray (lOYR 3/1) 1 ipht silty clay 
loam; few fine faint dark brown (lOYR 4/3) 
mottles; moderate very fine subangular 
blocky structure; friable; common fine 
roots; few fine iron concretions ; few 
p;ralny coats; clear smooth boundary". 
'^21t 14-19 Very dark rrayish brown (lOYR 3/2) medi­
um silty clay loam; common fine distinct 
yellowish brown (lOYR 5/4, 5/6) mottles; 
strong fine subanpular blocky structure; 
^ J. xrrvv LxiiC J. W c S ; u f 1 J.!: 
black ( lOYR 2/2) and very dark p-ray (lOYR 
3/1) clay film, few fine iron and mangan­
ese concretions; few krotovins; clear 
smooth boundary. 
^22z 19-24 Dark grayish brown (lOYR 4/2) medium 
silty clay loam; commion medium distinct 
strong brown (7.$YR 5/6) and yellowish 
brown ( ICYR 5/6) mottles ; fine strong-
subanprular blocky structure; thick con­
tinuous very dark pray (lOYR 3/1) clay 
films ; black (lOYR 2/1) coatln;^s in root 
and worm holes; common fine manfranese 
and iron concretions; firm; very few roots; 
gradual smooth boundary. 
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24-30 Grayish brown (lOYR 5/2) medium silty clay 
loam; yellowish brown (lOYR 5/4) kneaded; 
many medium prominent yellowish brown 
(lOYR 5/4), and strong: brown (7.5YH 5/6) 
mottles; fine to moderate strong subangu-
lar blocky structure; firm; very few fine 
roots; thick continuous very dark gray 
(lOYR 3/1) and dark brown (19YR 4/2) 
clay films; common iron and manganese 
concretions ; gradual smooth boundary. 
p 30-36 Grayish brown (lOYR 5/2) lirht silty clay 
loam; yellowish brown (lOYR 5/4) Icneaded; 
many medium prominent strong brown (7= 5YR 
5/6), dark brown (7.5YR 4/4), few fine 
faint olive (5Y 5/3) mottles ; moderate 
medium and fine subanr^ular blocky struc­
ture; thin discontinuous very dark err ay 
(lOYR 3/1) and dark rray (lOYR 4/1) clay 
films ; old root channels filled with very 
dark gray (lOYR 3/1) clay flows ; common 
Iron and manganese concretions; gradual 
smooth boundary. 
3^^^ 36-42 Grayish brown (2.5Y 5/2) medium silty clay 
loam; yellowish brown (IGYH 5/4) kneaded; 
many medium prominent strong brown (7,5YR 
5/6), dark brown (7.5YR 4/4), yellowish 
brown (lOYR 5/6) mottles ; weak medium 
subangular blocky structure; thin dis­
continuous very dark gray (lOYR 5/1) 
clay films ; old rooL channels filled with 
very dark p-ray (lOYR 3/1) and dark cray 
(lOYR 4/1) clay flows ; firm; very few fine 
roots ; common iron and manganese concre­
tions; gradual smooth boundary. 
42-52 Grayish brown ( 2. 5Y 5/2) lip-ht silty clay 
loam; yellowish brown (lOYR 5/4) kneaded; 
many miedlum prominent strong brown (7.5YR 
5/6, 5/4), few fine faint .-ray ( 5Y 5/1), 
rcrayIsh brown ( 5Y 5/2), and few medium 
distinct very dark gray (lOYR 3/1) mottles; 
very weak medium subangular blocky struc­
ture to massive; firm; few fine Iron and 
manganese concretions; few large krotovlns; 
old root channels coated with black (lOYR 
2/1) stains ; gradual smooth bo'jndary. 
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Cp 52-60 Grayish brown ( 2.5Y 5/2) llerht silty clay 
loam; llfrht olive brown ( 2. 5Y 5/^) 
kneaded; many medii;tm prominent strong 
brown (7.5^% 5/6), yellowish brown (lOYR 
5/6), few fine distinct cray (5Y 5/2) 
lifcht gray ( 5Y 6/2) mottles; massive; 
firm; old root channels coated with black 
(lOYR 2/1) stains; few iron and manganese 
concretions; gradual smooth boundary. 
C^ 60-72 Same as 52-60 inch zone 
72-84 Same as 52-60 inch zone except many medi­
um distinct ffray and lifht grray (5- 5/2, 
6/2) and many medium prominent strong 
brown and yellowish brown (7.5YR 5/6) and 
(lOYR 5/6) mottles; common iron and man­
ganese concretions. 
Cr 64-96 Olive ccray ( 5Y 5/2) and olive ( 5Y 5/3) 
light silty clay loam; olive (5Y 5/^) 
kneaded; many medium distinct, yellowish 
brown ( lOYR 5/6) mottles; mar:slve; firm; 
common large iron and manganese concretions 
and segregations; gradual smooth boundary. 
96-108 Yellowish brown (lOYR 5/^) kneaded light 
silty clay loam; few medium distinct gray 
(5Y 5/2), pale olive (5Y 6/3) and common 
medium distinct dark grayish brown (lOYH 
4/2) mottles; massive; firm; common 
-.an^ariese and Iron concretions; gradual 
smooth boundary, 
G„ 108-114 Same as 96-IO8 inch zone except few fine 
faint gray (lOYR 5/1) mottles. 
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Series: Kalff (P-917) 
County: Lee 
Slooe: 0-1$ 
Location: 125' W and 75' S of NE cor. of NW., NW.-, sec. 28, 
T.69N., H.7W. 
Aspect: W 
Described by: McKlm, Killer 
Ap 0-7 Black (lOYR 2/1) medium sllty clay loam; 
weak fine blocky parting to moderate 
pranular structure; friable ; abundant 
roots; cçradual smooth boundary. 
A-j 2 7-12 Black (lOYR 2/1) llrht sllty clay loam; 
' weak fine subanpular blocky partlnp- to 
strong fine granular structure; friable; 
abundant roots; abrupt smooth boundary. 
A-3 12-16 Black ( lOYR 2/1) light sllty clay loam; 
moderate fine and very fine subangular 
blocky structure; friable ; common roots ; 
very fine thin discontinuous gray (lOYR 
5/1) grainy coats; clear smooth boundary. 
3^^ 16-19 Very dark gray ( lOYR 3/1) heavy sllty 
clay loam; few fine faint yellowish brown 
(lOYR 5/^) and dark grayish brown (lOYR 
4/2) mottles; moderate fine subangular 
blocky structure; few roots ; firm; few 
thin discontinuous black (lOYR 2/1) clay 
films; few iron concretions; clear smooth 
boundary. 
32j_^ 19-23 Very dark gray (lOYR 3/1) light silty clay; 
^ few medium distinct yellowish brown (lOYR 
5/0 mottles; moderate medium subanyular 
blocky structure; very firm; few thick 
continuous black (lOYR 2/1) clay films; 
common fine Iron and manganese concretions; 
clear smooth boundary. 
^22t 23-37 Very dark gray (lOYR 3/1) 1Irht silty 
clay; common medium distinct stronr brown 
( 7. $Yrl 5/6); brown (7. 5YR 4/4-) and few 
fine distinct yellowish brown (lOYR 5/4, 
5/Ô) mottles; moderate medium subanrular 
blocky structure; very firm; few thick 
continuous black (IGYil 2/1) clay films; 
common fine iron and m.antranese concre­
tions ; clear smooth boundary. 
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^22(rt 27-31 Dark pray ( $Y 4/1) medium sllty clay loam; 
olive ( 5Y 5/3) kneaded ; many med.lum dis­
tinct yellowish brown (lOYR 5/6) and com­
mon fine distinct olive brown (2.4/4) 
mottles; moderate medium subancrular blocky 
structure; firm; thick continuous clay 
films ; common fine Iron and manganese 
concretions; gradual smooth boundary. 
323^ 31-37 Olive p:ray ( 5y 4/2) medium sllty clay loam; 
olive (5Y 5/3) kneaded; many medium dis­
tinct dark gray (5Y 4/1) and yellowish 
brown (lOYR 5/6); and few fine faint light 
olive brown (2.5Y 5/4) mottles; weak mod­
erate subangular blocky parting to moder­
ate fine subangular blocky structure ; firm; 
discontinuous very dark gray (lOYR 3/1) 
and dark gray (lOYR 4/1) clay films on ped 
faces ; few fine iron and manganese con­
cretions ; p:raduAl smooth boundary» 
37-41 Olive gray (5Y 4/2) medium silty clay loam; 
olive (5Y 5/3) kneaded; many medium dis­
tinct dark gray (5Y 4/1); common fine dis­
tinct yellowish brown (lOYR 5/6) and few 
fine distinct light olive brown (2.5Y 5/^) 
mottles; weak moderate and fine subangu­
lar blocky structure; firm; common iron 
and manganese concretions ; thin discontin­
uous very dark gray (lOYR 3/1) and dark 
PC ray (lOYR 4/1) clay films on ped faces ; 
41-47 Olive gray (5Y 4/2) medium sllry clay loam; 
olive 5Y 5/3) kneaded; many medium; dis­
tinct olive gray ( 5"Y 5/2) and common medi­
um distinct yellowish brown (lOYR 5/6) 
mouties ; weak moderate prismatic parting 
to fine and moderate subangular blocky 
structure; firm; thin discontinuous dark 
w-ray (lOYR 4/1) clay films; few iron and 
manp-anese concretions ; root channels 
filled with very dark gray (5Y 3/1) clay 
flows; gradual smooth boundary. 
^7-55 Light olive cray (5Y 6/2) light silty clay 
loam ; olive (5Y 5/3) kneaded; few fine 
prominent strong brown (7.5YR 5/6) and 
few fine faint yellowish brown (lOYR 5/6) 
mottles; weak medium prismatic structure; 
firm; thin discontinuous very dark s-ray 
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(lOYR 3/1) clay films; few fine iron and 
manganese concretions; gradual smooth 
boundary. 
55-61 Olive ( 5Y 5/3) light silty clay loam; 
few coarse prominent strong brown (7.5YR 
5/6) mottles; massive; firm; root channels 
filled with dark gray (5Y 4/1) clay flows; 
krotovinas present filled with very dark 
gray (lOYR 3/1) material; few iron and 
manganese concretions ; gradual smooth 
boundary, 
C2 61-67 Olive gray (5Y 5/2) heavy silt loam; few 
fine faint yellowish brown (lOYR 5/6) 
mottles ; massive; friable; discontinuous 
very dark gray (lOYR 3/1) clay films; 
gradual smooth boundary. 
67-75 Same as 6O-67 except matrix is light olive 
gray (5Y 6/2); common coarse prominent 
strong brown (7,5YR 5/6) and yellowish 
brown (lOYR 5/6) mottles; and krotovinas 
are present. 
C2^ 75-79 Same as 61-67 except matrix color is gray 
(5Y 5/1): few medium distinct yellowish 
brown {lOYR 5/6) mottles. 
Cr 79-83 Gray 5Y 5/1) light silty clay loam; common 
medium distinct light olive brown (2.5Y 
5/6) and yellowish brown (lOYR 5/6) 
mottles; massive; friable to firm; few 
carbon flakes ; discontinuous very dark 
gray (lOYR 3/1) clay films; gradual smooth 
boundary. 
83-89 Same as 79-83 except few medium faint 
light olive brown (2.5Y 5/^) mottles. 
Cy 89-94 Same as 83-89. 
II B 94-101 Same as 83-94 except sand grain appears 
and consistency becomes firm. 
101-108 Gray i5/1) medium silty clay loam; 
few medium distinct light olive brown 
(2.5Y 5/^) mottles; strong fine to very 
fine subangular blocky structure; firm; 
clear smooth boundary. 
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108-118 Same as 101-108 except clay Increases 
118-125 Same as 101-118 except common medium 
prominent yellowish brown (lOYR 5/6) 
and olive gray (5Y 5/2) mottles appear, 
125-131 Same as II8-I25. 
131-137 Same as II8-I25. 
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Series: Grundy (P-918) 
County: Clarke 
Slope: 2.% 
Location; 525* W and 4^0' S of NE cor. of sec. 14, T.?1N., 
R.26W. 
Aspect: S 
Described by: McKlm, Miller 
Ap 0-9 Black (lOYR 2/1) medium silt loam; mod­
erate medium granular structure; friable; 
many roots ; abrupt smooth boundary. 
A,_ 9-13 Black (lOYH 2/1) medium silt loam; strong 
medium granular structure; friable; common 
roots ; clear smooth boundary. 
13-16 Black (lOYR 2/1) and very dark gray (lOYR 
3/1) light silty clay loam; medium very 
fine subangular blocky structure; common 
roots; few grainy coats on ped surfaces; 
few fine soft iron and manganese concre­
tions ; clear smooth boundary. 
B22t 16-19 Very dark gray (lOYR 3/1) Uprht silty clay 
loam; strong very fine subangular blocky 
structure; friable; common to few roots; 
few grainy coats on ped surfaces; few 
iron and manganese concretions; clear 
smooth boundary. 
B22t 19-24 Dark grayish Drown (lOYR 4/2) medium 
silty clay loam; very dark (z:ray (lOYR 3/1) 
to veiy dark grayish brown (lOYR 3/1) 
kneaded; few fine faint yellowish brown 
(lOYR 5/^) mottles; strong fine subangular 
blocky structure; firm; thick continuous 
very dark gray (lOYR 3/1) clay films; few 
fine iron and manganese concretions ; few 
roots; clear smooth boundary. 
^23t 24-33 Grayish brown (lOYR 5/2) llgh-r silty clay 
loam; yellowish brown (lOYR 5/^) kneaded; 
abundant medium prominent yellowish brown 
(lOYR 5/6); moderate medium subangular 
blocky structure; many medium distinct 
strong brown (7.5YR 5/6) and many fine 
distinct olive (5Y 5/2) mottles; firm; 
very few roots ; continuous very dark gray 
(lOYR 3/1) and dark brown (lOYR 4/2) clay 
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films; few black clay flows in parting 
planes; few fine iron and manganese con­
cretions ; fl-radual smooth boundary, 
B-,- , 33-39 Grayish brown ( 2. $Y 5/2) heavy silty 
clay loam; brown (lOYR 5/3) kneaded; 
abundant coarse prominent dark gray 
(5Y ^/l) and olive gray (5Y 5/1 and 5/2) 
mottles ; many medium distinct yellowish 
brown (lOYR 5/^» 5/6) mottles ; moderate 
medium subangular blocky parting to weak 
fine subangular blocky structure; firm; 
few distinct iron and manganese concre­
tions; discontinuous very dark gray 
(lOYR 3/1) and dark brown (lOYR 4/2) clay 
films ; gradual smooth boundary, 
3-32t 39-44 Same as 33-39 except for common distinct 
iron and manganese concretions; discon­
tinuous clay films in vertical parting 
planes; at 43" there is a 1/4" iron band. 
44-67 Olive gray (5- 5/2) medium silty clay 
loam; few coarse distinct strong brown 
(7.5YR 5/6) mottles ; massive; few distinct 
iron and manganese concretions; few old 
root channels filled with dark stains. 
Cp 67-74 Same as 44-67 except common coarse dis­
tinct strong brown (7.5YR 5/6) and yellow­
ish red (5YR 5/6) mottles; an iron band 
1" thick starts at 71. 
CO 74-8T Same as 44-67 except for few coarse dis­
tinct strong brown (7.5YR 5/6). 
86-91 Same as 44-67 except for abundant medium 
prominent yellowish red (5YR 4/6) and 
abundant fine distinct stron;.- brown 
(7,5YR 5/6) mottles. 
C^ 91-140 Same as 44-87 except for common medium 
^ distinct yellowish brown (lOYR 5/6) mottles. 
Paleosol 140-150 Light olive brown (2.5Y 5/2) and olive (5Y 
5/2) medium silty clay loam ; common medium 
distinct yellowish brown (lOYR 5/6) and 
strong brown (7.5-R 5/6) mottles; strong 
very fine subangular blocky structure; com­
mon iron and mariKanese concretions; band 
of iron and manganese at 142". 
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Series: Dow (P-919) 
County: Fremont 
Slope: 
Location: 66O* E of gravel road, and I98O' N of SW cor. 
of NW4 SWt sec. 11, T.68N., a.40W. 
Aspect: E 
Described by: McKim, Miller 
Ap 0-6 Very dark brown (lOYH 2/2) to very dark 
grayish brown (lOYR 3/2) light silty clay 
loam; grayish brown (lOYR 5/2) dry; weak 
fine subangular blocky to granular struc­
ture; friable; some mixing of dark grayish 
brown (10YR 4/2) peds; many roots and 
pores ; clear smooth boundary, 
B 6-I7 Dark grayish brown (lOYR 4/2) light silty 
clay loam; few fine reddish bro?nz ( 5YR 
4/4) and yellowish red (5YR 4/6) mottles; 
moderate fine subangular blocky structure; 
friable; some mixing of very dark brown 
(lOYR 2/2) peds; many roots ; gradual 
smooth boundary. 
17-27 Grayish brown ( 2,5YR 5/2) licrht silty 
clay loam; common dark yellowish brown 
(lOYR 4/4) mottles; vertical faces parting: 
to weak fine subanciular blocky structure; 
friable; many roots, many pores ; clear 
smooth boundary. 
C2 27-3^ Grayish brown (2.5Y 5/2) silty clay loam; 
common brown (7.5YR 4/2) mottles, stains, 
and oxides; vertical faces tending to be 
prismatic parting to very weak fine sub-
angular blocky structure ; friable ; few 
roots; common fine pores ; clear smooth 
boundary. 
Co 3^-5^ Light brownish gray (2.5Y 6/2) silt loam; 
light brownish gray (lOYR 6/2) kneaded; 
common large brown (7.5YR 4/4) mottles, 
stains and oxides ; massive; friable ; 
some of the brown (7.5YR 4/2) oxides ap­
pear to be weak pipe stems; few black 
oxides; very few roots; very few very fine 
pores; gradual smooth boundary. 
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$4-71 Olive gray ($Y 5/2) to light gray (2.5Y 
5/4) silt loam; common faint to distinct 
brown (7.5YR 5/4) and strong brown (7.5YR 
5/6) mottles; moderate medium platy struc­
ture, very friable; pipe stems and concre­
tions of iron; very few roots ; krotovinas; 
gradual smooth boundary. 
71-79 Light olive brown (2.5Y 5/4) silt loam; 
common distinct brown (7.5YR 4/4,5/4,5/6) 
and pale olive (5YR 6/4) mottles ; fine 
medium platy structure; very friable; 
very few roots; gradual smooth boundary. 
79-85 Grayish brown (2.5Y 5/2) to dark yellowish 
brown (lOYR 4/4) kneaded silt loam; common 
prominent dark brown (7«5YH 4/4), strong 
brown (7.5YR 5/6) and dark reddish brown 
( 5YR 3/4, 4/4) mottles; very fine medium 
platy structure; very friable; no roots; 
few iron concretions; ,gradual smooth 
boundary. 
85-90 Brown (lOYR 5/3) to dark yellowish brown 
(lOYR 4/4) kneaded silt loam; common 
prominent dark reddish brown (5YR 3/4) and 
reddish brown ( 5YR 4/4) mottles, with a 
few distinct dark brown (7.5YR 4/4) mot­
tles; very fine medium platy structure; 
very friable; few iron segregations in 
root channels; abrupt clear boundary. 
90-95 Brown (lOYR 5/3)» dark yellowish brown 
(lOYR 4/4) kneaded heavy silt loam; many 
prominent dark reddish brown (5YH 3/4) 
and reddish brown (5YR 4/4) mottles; very 
fine medium platy structure ; friable; few 
iron segregations; pebbles up to 0.75 cm 
diameter; diffuse smooth boundary. 
95-102 Brown (lOYR 5/3) yellowish brown (lOYR 
5/4) and dark brown (lOYR 4/3) kneaded, 
light silty clay loam; common distinct 
reddish brown (5YR 4/3) and a few faint 
dark brown (7.5YR 4/4) mottles; moderate 
medium platy parting to weak fine platy 
structure; friable; few iron segrega­
tions; diffuse smooth boundary. 
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102-106 Yellowish brown (lOYR 5/4) to brown 
(7.5YR 4/4) kneaded heavy silt loam; 
many prominent dark reddish brown (5YH 
3/3) and reddish brown (5YR 3/4, 4/4) 
mottles; massive; friable; few prominent 
iron and manganese concretions; abrupt 
clear bo^jndary. 
106-108 Yellowish brown (lOYR 5/4) to dark yel­
lowish brown (lOYR 4/4) heavy silt loam; 
common prominent reddish brown (5YR 3/4, 
4/4) with a few prominent (5YR 3/2) 
mottles; massive; friable; few iron and 
manganese concretions; olive gray (5Y 5/2) 
lens; abrupt smooth boundary. 
108-114 Dark brown (7.5YR 4/4) and reddish brown 
(5YR 4/4) kneaded to yellowish brown 
(19YR 5/4) and brown (7.5YR 5/4) heavy 
silt loam; many prominent reddish brown 
(7.5YR 5/4) and yellowish red (5YR 4/6, 
4/8) mottles; massive; friable; few Iron 
and manganese concretions; many sand 
grains. 
235 
Series : 
County: 
Slope; 
Location: 
Described by: 
Ap 0-10 
^12 
Bl 
B, 21 
^22t 
Grundy (P-921) 
Lee 
2$ 
$88' S and 228' E of the NW corner of the NWf 
SWt, sec. 15f T.68N., R.7W. 
McKim, Epley 
Black (lOYR 2/1) to very dark brown (lOYR 
2/2) lipht silty clay loam; crushed (lOYR 
2/2); moderate coarse granular structure; 
friable ; many roots ; abrupt smooth 
boundary. 
10-13 Very dark grayish brown (lOYR 3/2) in­
teriors and very dark brown (lOYR 2/2) 
exteriors light silty clay loam; very 
dark grayish brown (lOYR 3/2) crushed; 
few fine faint yellowish brown (lOYR 
5/4, 5/6) mottles ; strong medium and fine 
granular structure; very friable; many 
roots; few worm casts; abrupt smooth 
boundary. 
13-17 Dark grayish brown (lOYR 4/2) interiors 
and very dark gray (lOYR 3/1) exteriors 
medium silty clay loam; (lOYR 3/2) crushed; 
common fine distinct yellowish brown 
(lOYR 5/8) and common fine faint yellowish 
brown (lOYR 5/^) mottles ; strong medium 
and fine granular structure; veiy friable; 
common roots ; clear smooth boundary, 
17-21 Dark grayish brown (lOYR 4/2) medium 
silty clay loam; common fine distinct 
yellowish brown (lOYR 5/8) and strong 
brown (7.5YR 5/8), few fine faint yellow­
ish brown (lOYR 5/4) mottles; very dark 
gray (lOYH 3/1) stains; strong very fine 
subangular blocky structure; friable; 
common roots; clear smooth boundary. 
21-27 Grayish brown (lOYR 5/2) heavy silty clay 
loam; common fine distinct yellowish brown 
(lOYR 5/8), common medium prominent strong 
brown (7.5YR 5/8), few fine faint yellow­
ish brown (lOYR 5/^) and few fine promin­
ent reddish brown (5YR 5/8) mottles; weak 
medium and fine prismatic parting to moder­
ate medium and fine subangular blocky 
structure; firm; thin discontinuous dark 
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gray (lOYR 4/1) clay films; few roots; 
few fine iron and manganese concretions; 
iron band at 22-24 inches; gradual smooth 
boundary. 
27-32 Light olive gray ( 5Y 5/2) heavy silty clay 
loam; light olive brown (2.5/3) kneaded; 
common fine and medium prominent strong 
brown (7.5YR 5/8)» common fine faint 
yellowish brown (lOYR $/6, 5/8) mottles ; 
moderate medium prismatic parting; to 
moderate medium and fine subangular blocky 
structure; firm; very few roots ; thick 
continuous very dark p:ray (lOYR 3/1) and 
dark gray (lOYR 4/1) clay films; few 
root channels filled with black (lOYR 2/1) 
stains; gradual smooth boundary. 
Bo2t 32-38 Light olive gray (5Y 6/2) heavy silty clay 
loam; few fine promine.nt strong brown 
(7.5YR 5/8) and few fine distinct yellow­
ish broim (lOYR 5/8) mottles ; moderate 
medium prismatic parting to moderate 
medium subangular blocky structure; fria­
ble ; thick continuous dark gray (lOYR 4/1) 
clay films; few iron and manganese concre­
tions ; % inch iron band at 3^2 inches; 
gradual smooth boundary. 
38-44 Light olive gray ( 5Y 6/2) medium silty 
clay loam; few fine prominent strong 
brown (7.5YR 5/8) and few fine distinct 
yellowish brown (lOYR 5/8) mottles; 
moderate medium prismatic parting to mod­
erate coarse subangular blocky structure; 
friable; thick continuous dark gray (lOYR 
4/1) clay films; few iron and manganese 
concretions; gradual smooth boundary. 
44-54 Light olive gray (5Y 6/2) heavy silt loam; 
few fine distinct yellowish brown (lOYR 
5/6» 5/8); massive; friable ; no roots; 
few large coarse root channels filled with 
thick continuous black ( lOYR 2/1) clay 
films; very few manganese concretions; 
gradual smooth boundary. 
C2 5^-58 Same as 44-54 inch zone except few fine 
distinct yellowish brown and a few fine 
prominent strong brown (7.5YR 5/8) 
mottles. 
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Co 58-62 Same as inch zone except common 
medium distinct yellowish "brown (lOYR 
5/6, 5/8) and common medium prominent 
strong: brown (7*5-R 5/8) mottles, 
CjL 62-69 Same as 44-54 inch zone except few medium 
distinct yellowish brown (lOYR 5/6, 5/8) 
mottles. 
C- 69-76 Same as 44-54 inch zone except common medi-
^ um distinct yellowish brown (lOYR 5/6, 
5/8), and few fine prominent strong brown 
(7.5YR 5/8) mottles and abrupt smooth 
boundary. 
Cx 78-82 Gray (5Y 5/1) heavy silt loam; many medium 
distinct yellowish brown (lOYR 5/6, 5/8), 
few fine distinct strong brown (7.5YR 
5/8) mottles; massive; friable; firm; 
common fine manganese concretions; gradual 
smooth boundary. 
Cr, 82-87 Same as 76-82 inch zone except common medi­
um faint yellowish brown (lOYR 5/6) mot­
tles and few manganese concretions. 
IIA^ 87-92 Saiae as 76-82 inch zone except common 
medium distinct yellowish brown (lOYR 
5/6, 5/8), few fine prominent strong brown 
(7.5YB 5/8) and weak medium subangular 
blocky structure parting to weak fine 
granular. 
IlAo 92-100 Gray (5Y 5/1) light silty clay loam; com­
mon medium faint yellowish brown (lOYR 
5/6, 5/8)» few fine distinct strong brown 
(7.5ÏR 5/8) mottles; weak medium subangu­
lar blocky parting to moderate fine 
granular; few fine manganese concretions; 
gradual smooth boundary. 
100-104 Gray (lOYR 5/1) light silty clay; common 
coarse faint yellowish brown (lOYR 5/^)t 
few fine prominent strong brown (7.5%# 
5/8), few fine prominent yellowish brown 
(lOYR 5/6, 5/8) mottles; strong fine granu­
lar structure; common fine manganese con­
cretions; clear smooth boundary. 
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IIBp 104-121 Gray (lOYR 5/1) sllty clay; few fine 
faint yellowish brown (lOYR 5/^» 5/6), 
few fine distinct yellowish brown (lOYR 
5/8), few fine prominent strong brown 
(7«5YR 5/8); strong very fine subangular 
blocky parting to strong moderate granular 
structure; firm; few medium iron and 
manganese concretions; few pebbles. 
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Series: Grundy (P-922) 
County: Lee 
Slope: 5^ 
Location: 522' S and 228' E of the NW cor. of the NW* 
SWt, sec. 14, T,68N., R.7W. 
Described by: McKlm 
Ap 0-8 Very dark grayish brown(2.$Y 3/2) moist 
and grayish brown (lOYR 5/2) dry light 
sllty clay loam; very dark grayish brown 
(2.5Y 3/2) kneaded; moderate fine sub-
angular blocky structure; friable; many 
roots; abrupt smooth boundary. 
A22 8-10 Dark grayish brown (2.5Y 4/2) light silty 
clay loam; common fine prominent strong 
brown (7.5YR 5/8), common fine faint 
yellowish brown (lOYR 5/8) mottles; strong 
fine subangular blocky structure; firm; 
common roots; clear smooth boundary. 
10-14 Olive gray ( 5Y 5/2) and very dark gray 
(lOYR 3/1) mixed heavy silty clay loam; 
few fine prominent strong brown (7*5YR 
5/8), common fine distinct yellowish 
brown (lOYR 5/6, 5/8) mottles; strong 
medium subangular blocky parting to mod­
erate fine subangular blocky structure; 
firm; many prominent very dark gray (lOYR 
3/1) stains: thin discontinuous clay 
films; common roots; few manganese con­
cretions; clear smooth boundary. 
'^21t 14-18 Olive gray ( 5Y 5/2) heavy sllty clay loam; 
common fine faint yellowish brown (lOYR 
5/6, 5/8) and few fine prominent strong 
brown (7.5YR 5/8) mottles; weak fine pris­
matic parting; to medium fine and very 
fine subangular blocky structure; firm; 
few fine roots; thin discontinuous gray 
(5Y 5/1) clay films; few manganese con­
cretions; gradual smooth boundary. 
^22t 18-24 Light olive gray (5Y 6/2) light silty 
clay loam; common fine distinct strong 
brown (7»5YR 5/6, 5/8) and few fine dis­
tinct yellowish red (5YR 5/8) mottles; 
moderate medium and fine prismatic parting 
to moderate fine subangular blocky struc­
ture; firm; few roots; thin continuous 
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gray (5Y 5/1) clay films; common manganese 
and iron concretions; gradual smooth 
boundary. 
®31t 24-27 Pale olive (5Y 6/3), olive gray (5Y 5/2), 
and very dark gray (lOYR 3/1) heavy silt 
loam; yellowish brown (lOYR 5/4) kneaded; 
common fine prominent yellowish red (5YR 
5/8), common medium distinct strong brown 
(7.5YR 5/8); weak fine prismatic parting 
to weak medium and fine subangular blocky 
structure; firm to friable; thin discon­
tinuous very dark brown (lOYR 3/1) clay 
films; few roots; very few iron and 
manganese concretions; gradual smooth 
boundary. 
Bj2t 27-35 Olive gray (5Y 5/2) medium silt loam; few 
fine prominent strong brown (7*5%H 5/8) 
and few fine distinct yellowish brown 
(lOYR 5/8) mottles; weak fine prismatic 
parting to massive structure; friable; at 
30 inches there is a é inch iron and 
manganese zone; thin discontinuous very 
dark gray (lOYR 3/1) and dark gray (lOYR 
4/1) clay films in old root channels; very 
few fine roots; common 3 mm manganese con­
cretions; gradual smooth boundary. 
Ct 35-^2 Olive gray (5Y 5/2) medium silt loam; 
light olive brown (2.5Y 5/4) kneaded; 
common fine distinct yellowish brown 
(lOYR 5/8), few fine prominent strong 
brown (7.5YR 5/8) and common fine distinct 
yellowish brown (lOYR 5/6) mottles; mas­
sive; friable; no roots; few manganese 
concretions; gradual smooth boundary. 
Cg 42-46 Same as 35-42 inch zone except for few 
fine distinct strong brown (7«5ÏR 5/8) 
and yellowish brown (lOYR 5/1) mottles, 
C, 46-52 Same as 35-42 inch zone except for many 
coarse prominent strong brown (7.5YR 5/8) 
and yellowish brown (lOYR 5/8) mottles. 
Ci, 52-59 Olive gray ( 5Y 5/2) medium silt loam; 
common medium distinct yellowish brown 
(lOYR 5/6), few fine prominent strong 
brown (7.5YR 5/8), many medium distinct 
yellowish brown (lOYR 5/6) msttles; 
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massive; friable; no roots; common iron 
and manganese oxides and concretions; few 
round clay balls; some root channels filled 
with very dark gray and dark gray ( lOYR 
3/1, 4/1) stains; gradual smooth boundary. 
Ct 59-68 Gray (5Y 5/1) medium silt loam; few fine 
distinct yellowish red (5YR $/6), common 
medium distinct yellowish brown (lOYR 5/8)* 
common coarse distinct yellowish brown (10 
YR 5/6) mottles; massive; friable; no roots; 
few rocks to 5 mm; common fine iron manga­
nese concretions; few charcoal flecks; old 
root channels filled with thick very dark 
gray and dark gray (lOYR 3/1, 4/1) clay 
flows; clear smooth boundary. 
IIAt 68-73 Gray (5Y 5/1) light silty clay loam; few 
fine prominent yellowish red (5YR 5/8), 
many common distinct yellowish brown (lOYR 
5/8), many medium and coarse light olive 
brown (2,$Y 5/2) and yellowish brown (lOYR 
5/4) mottles; weak medium granular struc­
ture; friable; no roots; few fine iron and 
manganese concretions; old root channels 
filled with very dark gray and dark gray 
(lOYR 3/1, 4/1) clay flows; clear smooth 
boundary. 
IIA2 73-80 Gray (lOYR 5/1) medium to heavy silty clay 
loam; few fine prominent yellowish red 
(5YR 5/8), many common distinct yellowish 
brown (lOYR 5/8), many medium and coarse 
light olive brown (2.5Y 5/2) and yellowish 
brown (lOYR 5/4) mottles; weak medium to 
fine platy to weak fine granular structure; 
friable; no roots; few fine iron and manga­
nese concretions; old root channels filled 
with very dark gray and dark gray (IGYR 
3/1, 4/1) clay flows; clear smooth boundaiy. 
IIB 8O-IOI Gray (lOYR 5/1) light silty clay; few fine 
prominent yellowish red (5YR 5/8), common 
fine distinct yellowish brown (lOYR 5/6, 
5/8), few fine faint stron# brown (7.5YR 
5/8) mottles; strong medium and fine sub-
angular blocky breaking to strong medium 
granular structure; firm few pebbles; old 
root channels filled with very dark gray 
and dark gray (lOYR 3/1, 4/1) clay flows; 
many silans; few fine iron and manganese 
concretions. 
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Series: Haig (P-923) 
County: Lee 
Slope: 1# 
Location; 200' N and 90' W of the SE cor. of the NEt NWt, 
sec. 32, T.68N., R.6W. 
Described, by: McKim, Epley 
Ap 0-10 Black (lOYR 2/1) heavy silt loam; cloddy 
"breaking to weak medium granular structure; 
friable; many roots; abrupt smooth 
boundary. 
10-13 Black (lOYR 2/1) light silty clay loam; 
strong medium and fine granular structure; 
friable; many roots; few silans; abrupt 
smooth boundary. 
Ao 13-17 Black (lOYR 2/1) heavy silty clay loam; 
very dark brown (lOYR 2/2) kneaded; few 
fine faint yellowish brown (lOYR 5/8) 
few fine distinct yellowish red (5YR 5/8) 
mottles; strong fine and very fine sub-
angular blocky structure; firm; common 
roots; few silans or grainy coats; few 
fine iron and manganese concretions; clear 
smooth boundary. 
17-20 Black (lOYR 2/1) heavy silty clay loam; 
few fine distinct yellowish brown (lOYR 
5/6, 5/8), few fine distinct olive gray 
(5Ï 5/2) mottles; moderate medium and fine 
prismatic parting to strong fine subangu-
lar blocky structure; firm; common roots; 
few thin discontinuous black (lOYR 2/1) 
clay films; many fine iron oxides and 
concretions; gradual smooth boundary. 
^21t 20-24 Black (lOYR 2/1) light silty clay loam; 
dark ^ray (5Y 4/1) kneaded; common fine 
distinct light olive brown (2^5% 5/4), 
many fine distinct yellowish brown (lOYR 
5/6, 5/8), few fine prominent strong brown 
(7.5YR 5/8) mottles; weak medium pris­
matic partins: to moderate fine subangular 
blocky structure; firm; common roots, 
common thin continuous black (lOYR 2/1) 
clay films; common fine iron and manganese 
concretions; gradual smooth boundary. 
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Gray (5Y 5/1) medium to heavy silty clay 
loam; olive (5Y 5/3) kneaded; many fine 
distinct light olive (5Y 6/4), many fine 
prominent strong brown (7.5YR 5/8), many 
fine distinct yellowish brown (lOYH 5/8) 
mottles; moderate medium prismatic parting 
to strong fine subangular blocky struc­
ture; firm; few medium roots; many iron 
concretions; few manganese concretions; 
thin continuous very dark gray ( lOYR 3/1) 
clay films; gradual smooth boundary, 
30-36 Light olive gray (5Y 6/2) med silty clay 
loam; olive (5Y 5/3) kneaded; common fine 
distinct yellowish brown (lOYR 5/8)t 
common fine prominent stronpc brown (7.5YR 
5/8) mottles; moderate medium and fine 
prismatic parting to stron# medium and 
fine subangular blocky structure; firm; 
few roots; few fine iron and manganese 
concretions; thin discontinuous very dark 
gray (lOYR 3/1) and dark gray (lOYR 4/1) 
clay films and coatings; gradual smooth 
boundary. 
Light olive gray (5Y 6/2) medium silty 
clay loam; olive (5Y 5/3) kneaded; many 
medium prominent strong brown (7»5YR 5/8), 
few coarse prominent yellowish red (5YR 
5/8), few fine distinct yellowish brown 
(lOYR 5/6) mottles; moderate medium pris­
matic parting -co strong moderate subangu­
lar blocky structure; firm; few roots; few 
fine iron and manganese concretions; thin 
discontinuous very dark gray (lOYR 3/1) 
clay films on prism faces; gradual smooth 
boundary. 
42-51 Light olive gray ( 5Y 6/2) light silty clay 
loam; olive (5Y 5/3) kneaded; few fine 
prominent strong brown (7.5YR 5/8), few 
fine distinct yellowish brown (lOYR 5/8), 
few medium distinct yellowish red (5YR 
5/8) mottles; moderate medium prismatic to 
massive; friable; very few roots; few fine 
iron and manganese concretions; thick con­
tinuous very dark gray and dark gray (lOYR 
3/1) and (lOYR 4/1) clay flows in old root 
channels; gradual smooth boundary. 
B 22t 24-30 
B32t 36-42 
2# 
C]_ 51-55 Light olive gray (5Y 6/2) heavy silt loam; 
coarse medium distinct yellowish brown 
(lOYR 5/8), few fine prominent strong 
brown (7.5YR 5/8), few medium distinct 
yellowish red (5YR 5/8) mottles; moderate 
medium prismatic to massive; friable; very 
few roots; few iron and manganese concre­
tions; thick continuous very dark gray and 
dark gray (lOYR 3/1) and (lOYR 4/1) clay 
flows in old root channels; gradual smooth 
boundary. 
C2 55-61 Same as 51-55 inch zone except few fine 
distinct yellowish brown (lOYR 5/8) (Uid 
few fine prominent strong brown (7»5YR 
5/8) mottles. 
51-73 Same as 51-55 inch zone except few fine 
distinct yellowish brown (lOYR 5/8) and 
few fine prominent strong brown (7«5YH 
5/8) mottles. 
61-73 Same as 51-55 inch zone. 
C^-IIA 73-78 Same as 51-55 inch zone except common 
medium distinct yellowish brown (lOYR 
5/8), fine medium prominent strong brown 
(7*5YR 5/8) and moderate prominent silans. 
IIB 78-101 Dark gray (lOYR 4/1) heavy silty clay loam 
to light silty clay; few medium distinct 
yellowish brown (lOYR 5/8), few fine 
prominent strong brown (7.5YH 5/8) 
mottles; weak coarse platy parting to weak 
fine granular; firm ; many prominent silans. 
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Series: Mahaska (P-924) 
County: Keokuk 
Slope: 1% 
Location: 965* S and 278' 
T.77N., R.IOW. 
Aspect: SE 
Described by : McKim, Killer 
E of NW cor. of NE^ sec. 3^, 
Ap 0-8 Black (lOYR 2/1) light silty clay loaic; 
moderate fine angular blocky and subangu­
lar blocky structure; friable to slightly 
firm; a few worm casts; abrupt smooth 
boundary. 
k-^2 8-13 Black (lOYR 2/1) light silty clay loam; 
very dark brown (lOYR 2/2) kneaded; mod­
erate fine subangular blocky structure; 
friable; few medium inped tubular pores; 
clear smooth boundary. 
Ao 13-18 Very dark gray (lOYR 3/1) to black (lOYR 
^ 2/1) light silty clay loam; moderate fine 
subangular blocky structure; friable; few 
fine iron and manganese concretions; few 
fine inped tubular pores; gradual smooth 
boundary. 
18-25 Very dark gray (lOYR 3/1) and dark grayish 
brown to olive brown (2.5% 4/2, 4/4); 
medium silty clay loam; very dark grayish 
brown (lOYH 3/2) kneaded; few fine dis­
tinct grayish brown (lOYR 5/2) mottles; 
weak medium prismatic parting to moderate 
fine and very fine subangular blocky struc­
ture; friable; very few fine inped tubular 
pores; many fine iron and manganese con­
cretions; gradual smooth boundary. 
B2it 25-30 Light olive brown (2.5Y 5/3) interiors, 
dark gray (lOYR 4/1) and dark grayish 
brown ilOYR 4/2) exteriors; light silty 
clay loam; common fine distinct grayish 
brown (2.5Y 5/2) mottles; common fine dis­
tinct yellowish brown (lOYR 5/6, 5/8) 
mottles; weak fine prismatic parting to 
moderate fine subangular blocky structure; 
firm; few inped tubular pores; few thin 
very dark gray (lOYR 3/1) clay films on 
ped faces; few fine iron and manganese con­
cretions; gradual smooth boundary. 
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Bppt 30-40 Grayish brown (2,5Y 5/2) Interiors and 
dark grayish brown (lOYR 4/2) exteriors; 
heavy silty clay loam; few fine distinct 
yellowish brown (lOYR 5/6) and oommoii fine 
distinct dark brown (7.5ÏR 4/4) mottles; 
moderate medium prismatic parting to mod­
erate medium subangular blocky structure; 
firm; can see silt grains imbedded in 
prism faces; few fine iron and manganese 
concretions; few fine Inped tubular pores; 
few thin dark gray (lOYR 4/1) discontinu­
ous clay films on ped surfaces; gradual 
smooth boundary. 
40-51 Light olive gray (5Y 6/2) Interiors and 
olive gray (5Y 5/2) exteriors; medium 
silty clay loam; common medium and fine 
prominent yellowish brown (lOYR 5/6) 
mottles, few fine prominent segregations 
of strong brown (7.5YR 5/8) inpeds; weak 
medium prismatic structure; friable; few 
discontinuous dark gray (lOYR 4/1) clay 
films on ped faces; some black (lOYR 2/1) 
fillings In few fine inped tubular pores; 
few fine iron and manganese concretions; 
gradual smooth boundary. 
Bc2t 51-56 Olive gray (5Y 5/2) and olive {5Y 6/2) 
light silty clay loam; weak medium pris­
matic structure to massive; few fine faint 
strong brown (?.5YR 5/6); few fine inped 
tubular pores filled with dark gray (lOYR 
4/1) clay and organic material; few fine 
iron and manganese concretions; very few 
thin discontinuous clay films on prism 
faces; gradual smooth boundary. 
B^2t 56-61 Same as 51-56 except many coarse prominent 
strong brown (7.5YR 5/6) segregations. 
61-72 Light gray (5Y 6/1) to light olive gray 
( 5Y 6/2) silt loam; massive with a few 
vertical parting planes; firm; common fine 
distinct yellowish brown (lOYR 5/6) mot­
tles; common fine inped tubular pores 
sometimes filled with black (lOYR 2/1) 
clay and organic material; few fine iron 
and manganese concretions; gradual smooth 
boundary. 
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Cg 72-78 
Ce 78-83 
83-90 
C. 90-126 
3 126-133 
B 133-144 
Same as 61-72 except many moderate 
prominent yellovlzh brown (lOYH 5/6) 
mottles. 
Same as 61-72 zone. 
Strong brown (7.5YR 5/6 and 5/8) silt 
loam; massive with a few vertical parting 
planes; firm; much manganese in large 
coarse segregation; abrupt smooth boundary. 
Same as 61-72 zone except the mottles are 
now few fine faint (lOYR 5/6) and very few 
inped tubular pores. Parting planes are 
absent. The segregations of iron are in 
long tubular pores. 
Gray (5Y 4/1) silty clay; many coarse 
prominent dark brown (lOYR 4/3) mottles; 
massive; hard; firm; few coarse iron and 
manganese concretions; gradual smooth 
boundary. 
Same as 126-133 except the mottles are 
few coarse prominent (lOYR 4/3) dark brown. 
Paleosol 144-172 Sampled but not described. 
22:8 
County: 
Soil: 
Slope: 
Location: 
Aspect: 
Described by: 
Washington (P-925) 
Mahaska 
2^ 
445' N and 68' W of the 
sec. 22, T.76N., R.BW. 
S 
McKlm, Miller 
SE cor. of SWi SWi 
Ap 0-8 Black (lOYR 2/1) sllty clay loam; weak 
fine subangular blocky structure and weak 
fine and very fine granular structure; 
friable; clear smooth boundary. 
A-j_2 8-13 Black (lOYR 2/1) and very dark gray (lOYR 
3/1) light sllty clay losim; moderate very 
fine subangular blocky structure and 
moderate fine granular structure; friable; 
ped Interiors very dark graying (lOYR 3/1); 
gradual smooth boundary. 
A^ I3-I7 Very dark grayish brown (lOYR 3/2) light 
sllty clay loam; coatings of peds very 
dark gray (lOYR 3/1): moderate fine sub-
angular blocky structure and moderate 
fine granular structure; friable; few fine 
soft brown Iron and manganese concretions; 
gradual smooth boundary. 
17-23 Dark braylsh brown (lOYR 4/2) and very da 
dark grayish brown (lOYR 3/2) medium sllty 
4/1) and very dark gray (lOYR 3/1): mod­
erate fine subangular blocky breaking to 
moderate fine granular structure; friable; 
few fine moderately hard iron concretions; 
few fine Inped tubular pores; many worm 
casts; gradual smooth boundary, 
23-30 Olive gray (5Y 4/2) and olive (5Y 5/3) 
heavy sllty clay loam; common discontinu­
ous very dark gray (lOYR 3/1) streaks on 
ped exteriors; common fine faint olive 
(5Y 5/6) mottles; moderate fine and very 
fine subangular blocky structure; firm; 
few thin discontinuous clay films on peds 
increasing with depth; few fine inped 
tubular pores; common fine hard iron con­
cretions; few fine moderately hard brown 
oxides; gradual smooth boundary. 
2^9 
Light olive gray ($Y 6/2) medium silty 
clay loam; faces of peds olive gray ( 
5/2) and olive gray (5Y 4/2); common fine 
distinct yellowish brown (lOYR 5/6) mot­
tles; common discontinuous very dark gray 
(lOYR 3/1) streaks on ped exteriors; weak 
fine prismatic parting to moderate fine 
subangular blocky structure; firm; few 
thin discontinuous clay films; common 
fine iron and manganese concretions; few 
fine inped tubular pores; gradual smooth 
boundary. 
Light olive gray (5Y 6/2) medium silty 
cls.y loam; faces of peds olive gray ( 5Ï 
5/2); common fine distinct olive (5Y 5/^), 
olive gray (5Y 4/2) and few fine distinct 
strong brown (7,5YR 5/6) mottles; moder­
ate fine prismatic parting to moderate 
fine and medium subangular blocky struc­
ture; firm; common very fine inped tubular 
pores; common fine and medium iron and 
manganese concretions; few dark gray 
(lOYR 4/1) clay flows on ped faces; 
gradual smooth boundary. 
®32t 42-51 Light olive gray (5Y 6/2) medium silty 
clay loam; common medium distinct yellow­
ish brown (lOYR 5/6) and few fine dis­
tinct strong brown (7.5YR 5/8) mottles; 
dark gray (5Y 4/1) fills in old root chan-
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structure; firm; few fine and medium 
inped tubular pores; few fine iron and 
manganese concretions; gradual smooth 
boundary, 
51-60 Light olive gray (5Y 6/2) light silty 
clay loam; common medium distinct yellow­
ish brown (lOYR 5/6) and common fine faint 
olive (5Y 5/3)f strong brown (7.5Y3 5/6) 
mottles; very dark gray (5Y 3/1) fills in 
old root channels; structureless, massive; 
firm; common fine and medium iron and 
manganese concretions; common fine inped 
tubular pores; gradual smooth boundary. 
®22t 30-35 
B 311 35-42 
250 
Cg 60-64 
C3 64-75 
Ci^ 75-84 
Cr 84-102 
C5 102-119 
119-134 
Light olive gray (5Y 6/2) light silty clay 
loam; many coarse prominent strong brown 
(7.5YR 5/6) mottles; common very dark gray 
(5Y 3/1) fills in old root channels; 
structureless, massive; firm; common medi­
um and coarse iron and manganese concre­
tions; common fine inped tubular pores; 
gradual smooth boundary. 
Same as above except for common medium 
prominent strong brown (7.5YB 5/6) mot­
tles; iron bands at 69-70 inches and 74-75 
inches. 
Light olive gray (5Y 6/2) light silty clay 
loam; few fine faint olive (5Y 5/3) and 
common medium distinct yellowish brown 
(lOYR 5/6) mottles; massive; firm; common 
fine and medium iron and manganese concre­
tions; few fine inped tubular pores; few 
fine very dark gray (5Y 3/1) fills in old 
root channels; gradual smooth boundary. 
Olive (5Y 5/3) light silty clay loam; few 
medium distinct yellowish brown (lOYR 5/6) 
mottles; massive; firm; few large iron 
nodules; most of the iron is associated 
with old root channels staining the boun­
dary strong brown (7»5YR 5/6); few fine 
very dark gray (5Y 3/1) fills in small old 
root channels; gradual smooth boundary. 
Light olive gray (5Y 6/2) light silty clay 
loam; many coarse prominent strong brown 
(7.5YR 5/6) mottles, few fine faint strong 
brown (7*5YR 5/8) mottles; massive; firm; 
few fine inped tubular pores; few fine 
iron and manganese concretions; few very 
thin discontinuous very dark gray (5Y 3/1) 
fills in old root channels; abrupt smooth 
boundary. 
Gray (5Y 6/1) silt loam; involuted bands 
of dark gray (lOYR 4/1); common medium dis­
tinct strong brown (7.5YR 5/6) mottles in 
dark bands ; massive; a basal Wisconsin 
soil; very few fine tubular pores; common 
medium very soft iron oxides; clear wavy 
boundary. 
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134-151 Mixed dark gray (lOYR 4/1), gray (lOYR 
5/1)f yellowish brown (lOYR 5/6) and gray­
ish brown ( lOYH 5/2) silty clay loam; 
massive; common fine soft iron and manga­
nese concretions; few fine clear sand 
grains; gradual smooth boundary. 
151-165 Mottled dark gray (5Y 4/1), dark brown 
(lOYR 4/3), dark grayish brown (lOYR 4/2), 
yellowish brown (lOYR 5/6), and gray (lOYR 
5/1) medium silty clay loam; dark grayish 
brown (lOYR 4/2) kneaded; massive; very 
few fine iron and manganese concretions; 
few clear sand grains; few fine inped 
tubular pores; clear smooth boundary. 
165-171 Olive gray ( 5Y 4/2) medium silty clay loam; 
common fine faint gray (5Y 5/1) and common 
fine distinct yellowish brown (lOYR 5/6) 
mottles; massive; very few fine inped 
tubular pores; few fine manganese concre­
tions; few fine iron concretions with medi­
um strong brown (7.5YR 5/6) stains; gradu­
al smooth boundary. 
17I-I77 Same as I65-I7I inch zone except for com­
mon fine faint dark gray (lOYE 4/1) 
mottles. 
177-184 Olive gray ( 5Y 4/2) and dark gray ( 5Y 4/1) 
medium to heavy silty clay loam; common 
(7.5YR 5/6) and few fine distinct light 
olive gray (5Y 6/2) mottles; massive; few 
fine inped tubular pores; few fine manga­
nese concretions; common fine and medium 
iron concretions; clear smooth boundary. 
184-188 Dark gray ( 5Y 4/1) silty clay loam; few 
medium distinct olive (5Y 5/3)» common 
fine distinct very dark gray (lOYH 3/1) 
and common medium distinct strong brown 
(7.5YR 5/6) mottles; massive; few fine 
inped tubular pores; common fine iron con­
cretions. 
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Series: Macksburg (P-926) 
County: Madison 
Slope; East 
Location: SW$, NW^, sec. 31# T.75N., R.29W. 
Aspect E 
Described by: McKim, Jensen 
Ap 0-8 Black ( lOYR 2/1) light silty clay loam; 
weak fine and very fine granular structure; 
friable; common fine roots; abrupt smooth 
boundary. 
A,p 8-14 Very dark gray (lOYR 3/1) silty clay loam, 
few black (lOYR 2/1) peds; few fine faint 
very dark grayish brown (lOYR 3/2) mottles; 
weak fine subangular blocky and very fine 
granular structure; friable; few fine 
roots; fev fine soft brown oxides; gradual 
smooth boundary. 
At 14-18 Dark olive gray (5Y 3/2) silty clay loam; 
few fine faint olive gray (5Y 4/2) mottles; 
few very dark gray (lOYR 3/1) peds; mod­
erate fine and very fine subangular blocky 
structure; friable; few fine roots; few 
fine soft brown oxides; few fine inped 
tubular pores; gradual smooth boundary. 
18-22 Olive gray ( 5Y 4/2) medium silty clay 
loam; few dark olive gray (5Y 3/2) peds; 
few very dark gray (lOYR 3/1) fills in old 
root channels; few fine olive (5Y 4/3) 
mottles; weak medium subangular blocky 
parting to moderate fine and very fine sub-
angular blocky structure; friable; very 
few fine roots; few very thin discontinu­
ous clay skins; common very fine and few 
medium soft brown oxides; gradual smooth 
boundary, 
B21 22-28 Olive gray ($Y 4/2) medium silty clay loam; 
common medium faint olive (5Y 5/3) mot­
tles; very few dark olive gray (5Y 3/2) 
peds; moderate fine and medium subangular 
blocky structure; friable; few fine iron 
and manganese concretions, very few fine 
roots; few fine inped tubular pores; clear 
smooth boundary. 
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®22t 28-35 Olive gray (5Y 4/2) and olive (5Y 5/3) 
silty clay loam; weak fine and medium 
prismatic parting to moderate fine and 
very fine subangular blocky structure; 
firm; common fine iron and manganese con­
cretions; few fine inped tubular pores; 
very few fine roots; common thin discon­
tinuous clay skins; gradual smooth 
boundary. — 
35-^3 Olive (5Y 5/2) silty clay loam; few fine 
faint olive gray (5Y 4/2) and olive (5Y 
4/3) and few fine distinct strong brown 
(7.5YR 5/6) mottles; weak medium pris­
matic parting to moderate medium subangu­
lar blocky structure; firm; few fine in­
ped tubular pores; common fine and medium 
iron and manganese concretions; common 
thin discontinuous clay skins; gradual 
smooth boundary. 
B32t 43-57 Olive gray (5Y 5/2) silty clay loam; few 
fine faint olive (5Y 5/3), olive gray 
(5Y 4/2) and few medium distinct strong 
brown (?,$YR 5/6) mottles; weak medium 
prismatic parting to weak medium subangu­
lar blocky structure; friable; common fine 
inped tubular pores; common fine iron and 
manganese concretions; few thin discon­
tinuous clay films on prism faces; gradual 
smooth boundary. 
C 57-6? Olive gray (5Y 5/2) silty clay loam; com­
mon fine distinct olive (5Y 5/4) and 
strong brown (7«5YR 5/6) mottles; massive; 
friable; common fine iron and manganese 
concretions; common fine tubular pores; 
few thin discontinuous clay films on part­
ing planes; clear smooth boundary. 
67-86 Same as above only no clay films. 
86-116 Olive gray (5Y 3/2) silty clay loam; few 
medium faint olive (5Y 5/3) and common 
medium strong brown (7«5YR 5/6) mottles; 
massive; friable; few fine tubular pores; 
many fine to medium iron and manganese 
concretions; clear smooth boundary. 
116-136 Olive gray (5Y 5/2) silty clay loam; com­
mon fine faint olive (5Y 5/3) and few 
254 
medium distinct strong brown (7.5YR 5/8) 
mottles; massive; friable; Iron "bands at 
121-123" and 130-131"î common medium and 
course iron and manganese concretions; few 
fine tubular pores; gradual smooth 
boundary. 
136-152 Grayish brown (lOYR 5/2) silty clay loam; 
few fine faint olive (5Y 5/3) and common 
fine distinct strong brown (7.5YR 5/6) mo 
mottles; massive; friable; few fine tubu­
lar pores; few fine iron and manganese 
concretions; clear smooth boundary, 
152-165 Mottled olive gray (5Y 5/3) olive (5Y 5/3) 
and strong brown (7.5YR 5/6) silty clay 
loam; weak very fine subangular blocky 
structure; friable; common fine iron and 
manganese concretions; clear smooth 
boundary. 
165-180 Olive gray (5Y 4/2) and (5Y 5/2) heavy 
silty clay loam; few fine distinct light 
gray (5Y 7/2) and common fine distinct 
strong brown (7.5YR 5/6) mottles; weak 
fine subangular blocky structure; few 
fine iron concretions; common fine very 
dark gray (5Y 3/1) fills in old root 
pores. 
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Series: Macksburg (P-927 
County: Madison 
Slope: 
Location; 600' W and 100* N of SE cor. of sec, 21, 
T.75N., R28W. 
Aspect: N 
Described by: McKim, Miller 
Ap 0-8 Black (lOYR 2/1) light silty clay loam; 
weak fine and medium subangular blocky 
structure; few worm casts; abrupt smooth 
boundary. 
A]_2 8-12 Black (lOYR 2/1) light silty clay loam; 
weak fine subangular blocky breading to 
moderate fine granular structure; fri­
able; few fine inped tubular pores; few 
very dark gray (lOYR 3/1) worm casts; 
gradual smooth boundary. 
At 12-18 Black (lOYR 2/1) and very dark brown 
(lOYR 2/2) light silty clay loam; moderate 
very fine subangular blocky and moderate 
fine granular structure; friable; yed ex­
teriors are black (lOYR 2/1); ped interi­
ors are very dark brown (lOYR 2/2); few 
fine and medium inped tubular pores; very 
few fine iron and manganese concretions; 
very few dark grayish brown (lOYR 3/2) 
worm casts; gradual smooth boundary. 
B^ 18-24 Very dark gray (lOYR 3/1) and very dark 
grayish brown (lOYR 3/2) to iark grayish 
brown (lOYR 4/2) medium silty clay loam; 
moderate very fine and fine subangular 
blocky with some moderate fine granular 
structure; friable; ped exteriors are 
very dark gray with few fine dark grayish 
brown (lOYR 4/2) mottles; interiors are 
very dark grayish brown (lOYR 3/2) and 
dark grayish brown (lOYR 4/2) with no mot­
tles; common fine inped tubular pores; few 
fine iron and manganese concretions; few 
dark «rayisb brown (lOYR 4/2) worm casts; 
gradual smooth boundary. 
B21 24-30 Dark grayish brown (lOYR 4/2) and brown 
(lOYR 5/3) medium silty clay loam; mod­
erate fine subangular blocky structure; 
firm, dark grayish brown (lOYR 4/2) ped 
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exteriors and brown (lOYR 5/3) ped in­
teriors; few to common very dark gray 
(lOYH 3/1) stains; few fine faint and dis­
tinct brown (lOYR 5/3) mottles; common 
fine inped tubular pores; no clay film, 
common fine iron and manganese concretions; 
common root channels and worm holes; grad­
ual smooth boundary. 
Bppt 30-36 Grayish brown (2.5Y 5/2) and grayish brown 
to light olive brown (2.5Y 5/3) heavy 
silty clay loam; weak medium prismatic 
parting to moderate fine subangular blocky 
structure; firm; grayish brown (2.5Y 5/2) 
ped exteriors and grayish brown to light 
olive brown (2.5Y 5/3) interiors; very 
few fine faint dark brown (2.5Y 5/6) and 
few fine distinct grayish brown (2.5Y 5/2) 
mottles; many fine inped pores; few thin 
discontinuous clay films on ped surfaces; 
many fine iron and manganese concretions; 
gradual smooth boundary. 
B23t 36-41 Grayish brown (2.5Y 5/2) and light brown­
ish gray (2.5Y 6/2) medium silty clay 
loam; weak medium prismatic parting to mod­
erate medium subangular blocky structure; 
firm; grayish brown (2.5Y 5/2) ped ex­
teriors and light brownish gray (2.5Y 4/2) 
ped interiors; common fine distinct dark 
yellowish brown and light brownish gray 
2.5Y 6/2) with common fine distinct yellow­
ish brown (lOYH 5/6) mottles; many fine 
inped tubular pores; common thin distinct 
continuous clay films on ped surfaces; 
common fine iron and manganese concretions; 
gradual smooth boundary. 
B^lt 41-50 Olive (5Y 5/2) medium silty clay loam; 
weak medium prismatic structure; common 
fine distinct dark yellowish brown ( lOYH 
4/4) and yellowish brown (lOYR 5/6), few 
fine distinct dark brown (7.5YR 3/2), and 
light olive gray (5Y 5/2) mottles; common 
fine inped tubular pores; few thin discon­
tinuous clay films on ped faces; common 
fine iron and manganese concretions; grad­
ual smooth boundary. 
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B^2 40-45 Olive (5Y 5/2) light silty clay loam; weak 
medium prismatic structure; friable; gray­
ish brown (2.5Y 5/2) ped faces; many mod­
erate promirent (lOYR 5/6) and few fine 
prominent (7«5YB 5/è and 5/8) modules of 
iron; common fine inped tubular pores; few 
fine iron and manganese concretions; 
gradual smooth boundary. 
Bjj 56-63 Same as 50-56 zone except few fine dis­
tinct (lOYR 5/6) and (7.5YR 5/6) mottles. 
63-73 Olive gray ( 5Y 5/2) and light olive gray 
(5Y 6/2) silt loam; massive; many moderate 
coarse strong brown (7.5YR 5/6) segrega­
tions and mottles and common fine distinct 
(lOYH 5/6/ mottles; common fine inped 
tubular pores coated and some filled with 
black (lOYR 2/1) organic material; gradual 
smooth boundary. 70-72 was separated out 
from the 63-73 zone and is an iron band. 
C2 73-84 Olive gray (5Y 5/2) silt loam; massive 
with few parting planes; common fine dis­
tinct strong brown (7.5YR 5/6) segrega­
tions and common fine faint yellowish 
brown (lOYR 5/6) mottles; common fine in­
ped tubular pores coated or filled with 
clay and organic materials; few fine iron 
and manganese concretions; gradual smooth 
boundary. 
84-96 Light olive gray (5Y 6/2) silt loam; fri­
able; massive with few parting planes; 
many medium distinct strong brown (7»5YR 
5/6) and common medium distinct yellowish 
red (5YR 4/8) mottles; common fine inped 
tabular pores filled with clay and organic 
flows; few fine iron and manganese concre­
tions with some long tubular iron segrega­
tions; gradual smooth boundary. 
96-107 Same as 84-96 except for many medium dis­
tinct strong brown (7,$YR 5/6) mottles, 
107-109 Iron band. 
C5 109-113 Same as 84-96 except the only mottles 
present are few fine faint (7.5YR 5/6). 
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Cy 113-118 Iron band greater than $0^ Iron. 
118-128 Olive gray (5Y 5/2) medium silty clay 
loam; massive; few fine faint yellowish 
red (5YR 4/6) and common medium distinct 
(7.5YR 5/6) mottles; the iron is continu­
ous throughout very large segregations; 
very few fine inped pores; clear smooth 
boundary. 
128-134 Olive gray (5Y 5/2) light to medium silty 
clay loam; massive; many moderate promi­
nent strong brown (7.5YR 5/6) mottles; 
difficult to determine matrix color from 
mottle color. 
134-147 Same as 118-128 zone, 
147-160 Same as 118-128 zone except the texture 
increases in clay and the iron is in bands 
running throughout this zone. 
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Series: Tama (P-928) 
Countyt Grundy 
Slope: 1.% 
Location: 229* S and 13^* W of NE cor, of SW^ sec. 29» 
T.87N., R.17W. 
Aspect: W 
Described by: McKim, Epley 
Ap 0-8 Black (lOYH 2/1) to very dark brown (10ÏR 
2/2) silty clay loam; very dark brown 
(lOYR 2/2) kneaded; moderate fine and very 
fine subangular blocky parting to moderate 
fine granular structure; friable; common 
roots; abrupt smooth boundary. 
A^g 8-13 Very dark brown (lOYR 2/2), and very dark 
grayish brown (lOYH 3/2) silty clay loam; 
dark brown (lOYR 3/3) kneaded; moderate 
very fine and fine subangular blocky part­
ing to moderate fine and very fine granular 
structure; friable; common roots; few very 
dark brown (lOYR 2/2) ped coats; clear 
smooth boundary. 
Bn 13-19 Dark brown (lOYR 2/2), and very dark gray­
ish brown (lOYR 3/2) silty clay loam; dark 
brown (lOYR 3/3) kneaded; moderate very 
fine and fine subangular blocky parting to 
moderate fine and very fine granular 
structure; friable; common roots; few very 
dark brown (lOYR 2/2) ped coats; clear 
smooth boundary. 
BQ_ 19-24 Dark brown (lOYR 3/3) exteriors and dark 
yellowish brown (lOYR 4/4) interiors; silty 
clay loam; dark brown (lOYR 4/3) kneaded; 
weak medium prismatic parting to moderate 
fine and very fine subangular blocky struc­
ture; few roots; very dark grayish brown 
(lOYH 3/2) ped 3oats; few discontinuous 
grainy gray coats; gradual smooth boundary. 
B22 24-30 Dark brown (lOYR 4/3) exteriors and dark 
yellowish brown (lOYR 4/4) interiors; 
silty clay loam; dark yellowish brown 
(lOYR 4/4) kneaded; weak medium prismatic 
parting to moderate medium subangular 
blocky structure; frlanle; few roots; few 
to common discontinuous grainy gray coats; 
gre ^ ual smooth boundary. 
2 rO  
30-36 Dark "brown (lOYR 4/3, .cterlors and dark 
yellowish brown (lOYR 3) interiors; sllty 
clay loam; few fine distinct olive gray 
(5Y 3/2) and few fine distinct strong 
brown (7.5^5 5/8) and yellowish red (5YR 
--/8) mottles; weak moderate prismatic 
Darling to weak medium and fine subangular 
blocky structure; friable; very few roots; 
common discontinuous grainy gray coats; 
gradual smooth boundary. 
B^2 36-^2 Dark yellowish brown (lOYR 4/4) sllty clay 
loam; common fine prominent gray (5Y 5/1) 
and olive gray (5Y 5/2) mottles; few fine 
distinct strong brown (7.5YR 5/8) mottles; 
few fine yellowish red (5YR 4/6) iron 
segregations; few fine iron and manganese 
concretions; weak moderate prismatic part­
ing to weak fine subangular blocky struc­
ture; friable; very few roots; common dis­
continuous grainy gray coats; gradual 
smooth boundary. 
42-48 Yellowish brown (lOYR 5/4) sllty clay 
loam; common fine prominent gray (5Y 5/1) 
and olive gray (5Y 5/2); few fine distinct 
yellowish brown (lOYR 5/8) and strong 
brown (7.5YR 5/8) mottles; few fine reddish 
brown (4/3) and yellowish red (5YR 5/8) 
iron segregations; few iron and manganese 
concretions; massive; friable; very few 
roots; large coarse tubular root holes; 
many discontinuous grainy gray coats; 
gradual smooth boundary, 
C2 48-65 Yellowish brown (lOYR 5/4) silt loam; com­
mon medium distinct olive (5Y 5/1) and 
many fine distinct olive gray (5Y 5/2) mot­
tles; common fine distinct strong brown 
(7.5YR 5/8) mottles; common fine iron and 
manganese segregations and concretions; 
massive; many fine Inped tubular pores; 
friable; abrupt smooth boundary. 
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C_ 65-80 Yellowish brown (lOYH 5/4) silt loam; many 
^ medium and fine prominent olive gray 
(5Y 5/2) mottles; common medium and fine 
distinct strong brown (7.5YR 5/8) and many 
medium faint yellowish brown (lOYR 5/8) 
mottles; many fine iron and manganese 
segregations and concretions; calcareous; 
massive; common fine inped tubular pores; 
friable. 
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Series r 
County : 
Slope: 
Location: 
Aspect: 
Described by: 
Haig (P-929) 
Clarke 
1* 
239' S and 105' 
T.71N., R.26W. 
N 
McKim, Jensen 
E of the NWtt NW% sec. 13, 
Ap 
^12 
B It 
0-7 
7-11 
11-15 
15-19 
)21t 19-24 
322t 24-30 
Black (lOYR 2/1) heavy silt loam; cloddy 
breading to weak fine granular structure; 
friable; abrupt smooth boundary. 
Black (lOYR 2/1) light silty clay loam; 
very weak fine subangular blocky struc­
ture; friable; clear smooth boundary. 
Black (lOYR 2/1) medium silty clay loam; 
moderate fine subangular blocky structure; 
friable; very few discontinuous grainy 
coats; gradual smooth boundary. 
Very dark gray (lOYR 3/1) heavy silty clay 
loam; few fine faint yellowish brown (lOYR 
5/4, 5/^) mottles; moderate medium sub-
angular blocky structure; firm; few dis­
continuous black (lOYR 2/1) ped coats of 
clay; few fine iron and manganese concre­
tions; clear smooth boundary. 
Very dark gray (lOYR 3/1) heavy silty clay 
loam; dark gray (IGYH 4/1) to very dark 
grayish brown (lOYR 4/2) kneaded; common 
fine distinct yellowish brown (lOYR 5/6) 
mottles; moderate and strong fine subangu­
lar blocky structure; very firm; thick 
continuous clay fioms; few black (IGYR 
2/1) fillings; few fine iron and manganese 
concretions; gradual smooth boundary. 
Dark g 
medium 
(5Y 
silty 
J-1 and gray ( 5Y 5/1 
clay loam; olive (5Y 4/3) 
kneaded; common fine distinct yellowish 
brown (lOYR 5/4, 5/6), few fine distinct 
olive brown (2.5Y 4/4) and few fine faint 
olive (5Y 5/2) mottles; moderate to weak 
fine subangular blocky structure; firm to 
very firm; few discontinuous black {lOYR 
2/1) and very dark gray (lOYR 3/1) ped 
coatings and fillings; thick continuous 
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clay films; few fine iron and manganese 
concretions; gradual smooth boundary. 
®23t 30-37 Olive gray (5Y 5/2) and gray (5Y 5.1) 
medium silty clay loam; common fine dis­
tinct yellowish brown (lOYR 5/6) and 
strong brown (7.5YR 5/6) mottles; weak 
fine prismatic parting to moderate medium 
subangular blocky structure; firm; thin 
discontinuous very dark gray (lOYR 3/1) 
and dark gray (lOYR 4/1) clay films on 
parting planes; few fine iron and manganese 
concretions; gradual smooth boundary. 
37-42 Same as 30-37 inch zone except many coarse 
Iron and manganese concretions. 
42-52 Gray (5Y 6/1) and light olive gray (5Y 
6/2) light silty clay loam; common coarse 
prominent yellowish brown (lOYR 5/6) and 
common fine distinct strong brown (7.5YR 
5/6) mottles; weak medium prismatic part­
ing to weak medium subangular blocky 
structure; few thin discontinuous dark 
gray (lOYR 4/1) clay films on parting 
planes; many fine tubular pores, some 
filled with very dark gray (lOYR 3/1) 
clay flows; few fine iron and manganese 
concretions; gradual smooth boundary. 
B^2t 52-63 Same as 42-52 inch zone except that there 
are a few 2-5 mm round clay filled pores. 
C-L 63-83 Light olive gray ( jY 6/2) light silty 
clay loam; few fine faint yellowish brown 
(lOYR 5/4, 5/6) and strong brown (7.5YR 
5/6) mottles; massive; friable to firm; 
few fine tubular pores stained with very 
dark gray (lOYR 3/1) material; few medium 
iron and manganese concretions; few large 
root channels filled with iron; clear 
smooth boundary. 
^2 83-95 Same as 63-83 Inch zone except the mottling 
is many medium distinct yellowish brown 
(lOYR 5/6) and many coarse prominent 
strong brown (7.5YR 5/6) mottles. 
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Pedl- 95-100 Gray (5- 5/1) heavy sllty clay loair; 
sediment many coarse prominent yellowish brown 
(A of (lOYR 5/6) mottles; the mottled color 
paleosal) Is the dominant color; massive; friable; 
common fine tubular pores stained with 
very dark gray (lOYR 3/1) material; clear 
smooth boundary. 
Paleosal 100-114 Gray (lOYR 5/1) sllty clay; few fine 
B distinct yellowish brown (lOYR 5/6) 
mottles; very firm; few parting planes; 
common fine tubular pores; few black clay 
plugs; mottles decrease with depth. 
26$ 
Series : 
County: 
Slope: 
Location: 
Apsect: 
Described by: 
Grundy (P-930) 
Clarke 
5% 
440' N and 430' W of the quarter section line 
in the NWi sec. 14, T.71N., R.28W. 
SE 
McKim 
Ap 0-7 Very dark gray (lOYR 3/1) and black (lOYR 
2/1) light silty clay loam; moderate and 
fine granular structure; friable; common 
fine roots; abrupt smooth boundary. 
A3 7-10 Very dark gray (lOYR 3/1) and very dark 
grayish brown ( lOYR 3/2) light silty clay 
loam, few faces of peds black (lOYR 2/1); 
weak fine subangular blocky structure part­
ing to moderate fine granular structure; 
friable; few fine roots; clear smooth 
boundary. 
B-, 10-13 Very dark gray (lOYR 3/1) and very dark 
grayish brown (lOYR 3/2) silty clay loam; 
few fine faint dark grayish brown (lOYR 
4/2) mottles; moderate fine subangular 
blocky structure; friable; few fine roots; 
clear smooth boundary. 
B2it 13-17 Dark grayish brown (lOYR 4/2) medium 
silty clay loam; moderate to strong fine 
O Cl CAO. AX ^ c m XXiiC 
tinct yellowish brown (lOYR $/4) mottles; 
moderate and strong fine subangular blocky 
structure; friable; few thin discontinuous 
very dark gray (lOYR 3/1) clay skins; few 
fine iron concretions; few fine roots; 
gradual smooth boundary. 
B22t 17-22 Dark grayish brown (lOYR 4/2) medium silty 
clay loam; common medium distinct yellow­
ish brown (lOYR 5/4) mottles; moderate 
medium aiid fine subangular blocky struc­
ture; friable; thick continuous very dark 
gray (lOYR 3/1) clay film decreasing with 
depth; common fine iron and manganese con­
cretions; very fine roots; gradual smooth 
boundary. 
B23t 22-28 Dark grayish brown (lOYR 4/2) medium silty 
clay loam; common medium distinct yellow-
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Ish brown (lOYR $/4); few fine distinct 
strong brown (7.5YR 5/6) mottles; moderate 
medium subangular blocky structure; thin 
discontinuous dark grayish brown (lOYR 
3/1) clay skin; few coarse iron concre­
tions and manganese concretions; very few 
roots along ped faces; gradual smooth 
boundary. 
26-36 Olive gray ( 5Y 5/2) light silty clay loam; 
common medium distinct yellowish brown (10 
YR 5/4, 5/6); few fine distinct strong 
(7.5YR 5/6); weak fine prismatic parting 
to weak medium subangular blocky struc­
ture; friable; few thin discontinuous very 
dark gray (lOYR 3/1) clay skins and very 
dark gray (lOYR 3/1) clay flows in root 
channels; common fine imped pores; few 
coarse iron and manganese concretions; 
very few roots; gradual smooth boundary. 
'^j2t 36-^5 Olive gray ( 5Y 5/2) and light olive gray 
(5Y 6/2) light silty clay loam; few medium 
distinct yellowish brown (lOYR 5/^* 5/6); 
common medium distinct strong brown 
(7.5YR 5/6); weak medium prismatic parting 
to weak medium subangular blocky structure; 
friable; very few thin discontinuous very 
dark gray (lOYR 3/1) clay films; few large 
root channels filled with very dark gray 
(lOYR 3/1) clay flows; many fine imped 
r s r n T y i 4  A  o  v w  a  < 4  4  - ,  m  v s  
manganese concretions: very few fine roots 
along ped faces; gradual smooth boundary. 
45-51 Olive gray ( 5Y 5/2) and light olive gray 
(5Y 6/2) light silty clay loam; few fine 
faint yellowish brown (lOYR 5/4, 5/6) com­
mon medium distinct strong brown (7.SYR 
5/6) mottles; weak medium prismatic part­
ing to weak medium subangular blocky struc­
ture; friable; few large root channel 
fills with very dark gray (lOYR 3/1) clay 
flows; common fine imped pores; common 
fine and medium iron and manganese concre­
tions; gradual smooth boundary. 
Ci 51-65 Olive gray (5Y 5/2) and olive (5Y 5/3) 
light silty clay loam; common medium dis­
tinct yellowish brown (lOYR 5/6) and 
strong brown (7.5YR 5/6) mottles; massive; 
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common fine root pores; common fine and 
medium iron and manganese concretions; 
gradual smooth boundary. 
Cp 65-72 Light olive gray (6/2) and olive «ray 
(5Ï 5/2) light silty clay loam; common 
coarse strong brown (7.5YR 5/6) and few 
fine distinct brown (7.5YR 5/4) mottles; 
massive; friable; common fine root pores; 
few fine and medium iron and manganese con­
cretions; gradual smooth boundary. 
72-80 Light olive gray (5Y 6/2), olive (5Y 5/3) 
and yellowish brown (lOYR 5/6) light silty 
clay loam; common medium distinct strong 
brown (7.5YR 5/6) mottles; massive; fria­
ble; few dark gray (lOYR 5/1) fills in 
old root pores; few fine root pores; few 
fine iron and manganese concretions; 
gradual smooth boundary. 
80-92 Olive gray ( 5Y 5/2) light silty clay loam; 
common fine light olive rray (5Y 6/2), 
olive (5Y 5/3)» yellowish brown (lOYR 5/6) 
and common medium strong brown (7.5YR 5/6) 
mottles; massive; few fine root pores; 
common very fine soft iron and manganese 
concretions; diffuse smooth boundary. 
Cr 92-100 Light olive gray (5Y 6/2) light silty clay 
loam; many medium distinct yellowish brown 
\ J. n J/ ±  x c x x x i u  o - i - x v c  
(5Y 5/3) mottles; massive; few fine root 
pores; very few fine iron and manganese 
concretions; clear smooth boundary. 
100-116 Olive gray (5Y 5/2) light silty clay loam; 
few fine faint olive (5Y 5/8) mottles; 
common medium yellowish brown (lOYR 5/6) 
and strong brown (7.5YR 5/6) mottles; few 
horizontal streaks of ll^ht gray (lOYR 7/1); 
weak fine platy parting to moderate fine 
subangular blocky structure; very few fine 
root pores; few fine iron concretions. 
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Series: 
County: 
Slope: 
Location: 
Described by; 
Grundy (P-93I) 
Lee 
2^ 
1300' S and 1250' W of the NE cor. of NEî, sec, 
16, T.68N., R.7W. 
McKlm, Penton, Killer 
Ap 0-7 Black (lOYR 2/1) silt loam; moderate fine 
granular structure; friable; abrupt 
smooth boundary. 
A22 0-10 Black, (lOYR 2/1) silt loam; weak fine and 
medium platy structure; friable; some 
continuous grainy coats; clear smooth 
boundary. 
A-, 10-14 Very dark gray (lOYR 3/10) light silty 
^ clay loam; moderate fine granular struc­
ture; firm; common fine discontinuous 
gray coats of (lOYR 4/1); gradual smooth 
boundary. 
B^ 14-18 Very dark gray (lOYR 3/1) medium silty 
clay loam; moderate fine subangular 
blocky structure; firm; gradual smooth 
boundary. 
B2/t 18-23 Very dark grayish brown (2.5Y 3/1) kneaded 
silty clay; common fine distinct yellow­
ish brown (lOYR 5/^» 5/6) mottles; strong 
fine subanfular blocky structure; firm; 
few iron and manganese concretions; thick 
continuous (lOYR 2/1, 3/1) clay film; 
gradual smooth boundary. 
^22t 23-28 Dark grayish brown (2.5Y 4/2) kneaded 
silty clay; many medium distinct yellow­
ish brown (lOYR 5/4) and light olive 
brown (2.5Y $/4) mottles; moderate medium 
prismatic parting to moderate fine-sub-
anprular blocky structure; firm; few iron 
and manganese concretions; thick continu­
ous structure; firm; thick continuous 
(lOYR 3/1) clay skins on prism faces, 
gradual smooth boundary, 
28-35 Olive brown (2.<Y 4/4) kneaded heavy silty 
clay loam; many medium distinct yellowish 
brown (lOYR 5/6) and dark irrayish brown 
(2,5Y 4/2 mottles; moderate medium 
269 
prismatic parting to moderate fine sub-
angular blocky structure; firm; few iron 
and manganese concretions; discontinuous 
(lOYR 3/1) clay film; gradual smooth 
boundary. 
35-41 Light olive brown (2.$Y kneaded 
medium silty clay loam; many medium 
prominent grayish brown (2.5Y 5/2), light 
brownish gray (lOYR 6/2), and yellowish 
brown (lOYR 5/6) mottles; moderate medium 
prismatic parting to weak medium subangu-
lar blocky structure; firm; thin discon­
tinuous (lOYR 3/1) clay films on prism 
faces; few manganese specks; gradual 
smooth boundary. 
Bj2 41-48 Light olive gray (5Y 6/2) light silty 
clay loam, many medium strong brown 
(7.5YR 5/6) and yellowish brown (lOYR 
5/6) mottles; moderate medium prismatic 
parting to weak medium subangular blocky 
structure; friable; few flows; gradual 
smooth boundary. 
48-57 Light olive gray (5Y 6/2) medium silty 
clay loam; many medium distinct yellowish 
brown (lOYR 5/6) and light olive brown 
(2.5Y 5/4) mottles; moderate medium 
prismatic structure; friable; few thin 
(lOYR 2/1, 3/1) clay flows; few Iron and 
manganese concretion; gradual smooth 
boundary. 
C 57-83 Same as 48-57 zone except that the clay 
skins and flows are not as evident. 
II 83-91 Gray ( $Y 6/1) medium silty clay loam; 
many medium distinct yellowish brown 
(lOYR 5/6) and light olive brown (2.5% 
5/4) mottles; massive; friable; zone 
called Pedisediment. 
II-, 91-100 Gray (lOYR 5/1) and dark gray (lOYR 4/1) 
light silty clay; light gray (lOYR 7/1) 
when dry; friable; clear smooth boundary. 
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11-^2/z 100-106 Dark gray (lOYR 4/1) medium silty clay; 
strong very fine angular blocky structure; 
firm; thick continuous clay film. 
106-112 Same as 100-106 zone. 
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Series: Grundy (P-932) 
County: Lee 
Slope: Z% 
Location: I3OO' S and 615' W of NE cor. of NEt, sec. 16, 
T.6E.N., R.7W. 
Described by: McKim, Miller, Secor 
Ap 0-8 Very dark pray (lOYR 3/1) silt loam, 
strong very fine to fine granular struc­
ture; friable; many roots; clear smooth 
boundary. 
Ao 8-11 Very dark gray (lOYR 3/1) heavy silt loam; 
^ very dark grayish brown (lOYR 3/2) kneaded; 
moderate very fine and fine granular 
structure; mai y roots; clear smooth 
boundary. 
3^^ 11-15 Very dark grayish brown (lOYR 3/2) medium 
silty clay loam; dark grayish brown (lOYR 
4/2) kneaded; few fine distinct yellow­
ish brown (lOYR 5/6) mottles; strong fine 
subangular blocky structure; firm; common 
iron and manganese concretions; common 
roots; few thin discontinuous (lOYR 2/1, 
3/1, clay films; clear smooth boundary. 
I5-I9 Dark grayish brown (lOYR 4/2) kneaded 
medium silty clay; few fine distinct 
yelloiTish brc%n ( ICYH 5/6) mottles; strong 
fine subangular blocky structure; firm; 
few iron and manganese concretions; few 
roots; thick continuous (lOYR 2/1 and 
3/1) clay films; clear smooth boundary. 
B22t 19-24 Dark grayish brown (lOYR 4/2) kneaded medi­
um silty clay ; common medium distinct yel­
lowish brown (lOYR 5/6) mottles; moderate 
medium to fine subangular blocky structure; 
firm; few iron and manganese concretion; 
few roots; thick continuous (lOYR 2/1, 2/1) 
clay films; gradual smooth boundary. 
B22t 24-28 Dark grayish brown (ICYR 4/2) light silty 
clay; common medium distinct yellowish 
brown (lOYR 5/6) and grayish brown (lOYR 
5/2) mottles; moderate medium to coarse 
subangular blocky structure; firm; few 
iron and manganese concretions; thin 
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discontinuous (lOYR 3/1) clay films; 
gradual smooth boundary. 
28-34 Grayish brown (2.5Y 5/2) light silty clay; 
many medium faint yellowish brown (lOYR 
5/6) mottles; weak moderate prismatic 
parting to"moderate medium subangular 
blocky structure; firm; few iron and 
manganese concretions; few roots; few 
(lOYR 3/1) clay flows; thin discontinuous 
(lOYR 3/1) clay films; gradual smooth 
boundary. 
B^2t 3^-40 Olive (5Y 5/3) heavy silty clay loam; 
^ many medium faint yellowish brown (lOYR 
5/6) and few fine faint light olive brown 
(2.5- 5/4) mottles; weak fine prismatic 
parting to moderate medium subangular 
blocky structure; firm; few iron and 
manganese concretions; few roots; few 
(lOYR 2/1) clay flows; thin discontinuous 
(lOYR 3/1) clay films; gradual smooth 
boundary. 
Boot 40-46 Olive 5/3) medium silty clay loam; 
many medi^om faint yellowish brown (lOYR 
5/6) and light olive brown (2.5Y 5/4, 5/6) 
mottles; weak fine prismatic parting to 
moderate medium subangular blocky struc­
ture; friable; few iron and manganese 
concretions; very few roots; few (lOYR 
3/1) clay films; gradual smooth boundary. 
C 46-54 Olive (5Y 5/3) light silty clay loam; 
common medium distinct yellowish brown 
( lOYR 5/6) and few fine faint grayish brown 
(2.5Y 5/2) mottles; massive; friable; few 
iron and manganese concretions; no roots; 
few (lOYR 2/1) clay flows; gradual smooth 
boundary. 
Cg 54-78 Olive (5Y 5/2) light silty clay loam ; many 
coarse prominent yellowish brown (lOYR 5/61 
5/8) mottles; massive; friable; few Iron 
and manganese concretions; no roots; few 
fine (lOYR 2/1) clay flows; gradual smooth 
boundary. 
Cj 7^-96 Same as 54-78 inch zone except the percent­
age of clean, clear sand and grain 
Increase. 
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Series: Grundy (P-933) 
County: Lee 
Slope: 2 %  
Location: I3OO' S and 575* W of NE cor, of NEt» sec. 16, 
T.68N., R,7W. 
Described by: McKim, Miller, Secor 
Ap 0-9 Black (lOYR 2/1) silt loam; weak very fine 
granular structure; friable; many roots; 
abrupt smooth boundary. 
A]_2 9-13 Very dark gray (lOYR 3/1) light silty 
clay loam; moderate fine granular struc­
ture; friable; many roots; abrupt smooth 
boundary. 
B^t 13-19 Very dark grayish brown (lOYR 3/2) light 
silty clay loam; few fine distinct reddish 
brown (5YR 4/4) mottles; weak fine subangu-
lar blocky parting to moderate fine granu­
lar structure; friable; few iron and man­
ganese concretions; many roots; few thin 
discontinuous (lOYR 2/1, 3/1) clay films; 
clear smooth boundary. 
Bg^t 19-23 Dark grayish brown (lOYR 4/2) heavy silty 
clay loam; few fine distinct yellowish 
brown (lOYR 5/^t 5/6) mottles; moderate 
fine subangular blocky structure; firm; 
 ^ ^  ^ \  ^ o s_/ A s_/ a. c/ X W4. i. o f o wmiii vii 
roots; thin discontinuous (lOYR 2/1, 3/1) 
clay films; gradual smooth boundary. 
B22t 23-28 Dark grayish brown (lOYR 4/2) silty clay; 
common medium distinct brown (lOYR 5/3) 
and yellowish brown (lOYR 5/4, 5/6) mot­
tles; moderate medium subangular blocky 
structure; firm; few coarse Iron and man­
ganese concretions; common roots; thick 
continuous (oOYR 2/1, 3/1) clay films; 
few (lOYR 2/1) clay plugs; gradual smooth 
boundary. 
B^it 28-34 Grayish brown (2.5Y 5/2) silty clay; com­
mon medi'jm distinct brown (lOYR 5/3) and 
yellowish brown (lOYR 5/^> 5/6) mottles; 
weak coarse subangular blocky parting to 
moderate medium subangular blocky struc­
ture; firm; few coarse iron and manganese 
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concretions; few roots; thick continuous 
(lOYR 2/1, 3/1) clay films; few (lOYR 2/1) 
clay films; few (lOYH 2/1) clay plugs; 
gradual smooth boundary. 
Bqpt 3^-46 Olive (5Y 5/3) silty clay; common medium 
distinct light olive brown (2.5Y 5/4), 
brown (lOYH 5/3) and yellowish brown 
(lOYR 5/4, 5/6) mottles; weak coarse sub-
angular blocky parting to moderate medium 
subangular blocky structure; firm; few 
coarse iron and manganese concretions; few 
roots; thin discontinuous (lOYR 2/1) clay 
films; gradual smooth boundary, 
46-74 Olive ( 5Y 5/3) silty clay loam; common 
medium distinct brown (lOYR 5/3) and 
yellowish brown (lOYR 5/4, 6/4) mottles; 
weak medium prismatic parting to moderate 
coarse subangular blocky structure; friable 
to firm; common coarse iron and manganese 
concretions; no roots; few inped tubular 
pores; gradual smooth boundary. 
C 74-92 Olive gray ( 5Y 5/6) to light olive ccray 
(5Y 6/2) light silty clay loam; common 
coarse distinct yellowish brown (lOYR 5/6) 
and strong brown (7.5YR 5/6) mottles; mas­
sive; friable; few iron and manganese con­
cretions; thin discontinuous (1ÔYR 3/1) 
clay flows; gradual smooth boundary. 
Cp 92-95 Same as 74-92 inch zone except the domin­
ant fabric color changes to olive (5Y 
5/3) to pale olive (5Y 6/3) 
Did not hit Paleosol. 
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Series: Grundy (P-934) 
County: Lee 
Slope; 1^ 
Location: I3OO* S and II5 W of the NE cor. of NE^ sec. I6, 
T.68N., R.7W. 
Described by: McKim, Miller, Secor 
Ap 0-7 Very dark brown (lOYR 2/2) silt loam; 
moderate very fine granular structure; 
friable; many roots; clear smooth boundary. 
A-j_2 7-10 Very dark brown (lOYR 2/2) silt loam; 
dark grayish brown (lOYR 4/2) kneaded; 
moderate very fine to fine granular 
structure; friable; many roots; clear 
smooth boundary. 
At 10-13 Dark gray (lOYR 4/2) kneaded silt loam; 
few fine faint yellowish brown (lOYR 5/6) 
and olive (5Y 4/3) mottles; weak fine 
granular structure; friable; few grainy 
coats; few iron and manganese concretions; 
common roots; clear smooth boundary. 
B-. 13-16 Dark gray (lOYR 4/2) light silty clay loam; 
few fine faint yellowish brown (lOYR 5/^» 
5/6) mottles; weak fine subangular blocky 
structure; friable, few iron and manganese 
concretions; common roots; few grainy 
coats; clear smooth boundary. 
B2_2 16-19 Dark gray ( lOYR 4/2) silty clay; common 
fine faint yellowish brown (lOYR 5/4, 5/6) 
mottles; strong very fine and fine subangu­
lar blocky structure; firm; few iron and 
manganese concretions; common roots; thick 
continuous (lOYR 3/1) clay film; gradual 
smooth boundary. 
^21 19-24 Dark gray (lOYR 4/2) silty clay; common 
fine faint, yellowish brown (lOYR 5/4, 
5/6) mottles; moderate fine subangular 
blocky structure; very firm; few iron and 
manganese concretions; common roots; thick 
continuous (lOYR 2/1) clay film; gradual 
smooth boundary. 
^22% 24-29 Dark gray (lOYR 4/2) silty clay; dark 
grayish brown (2.5% 4/2) kneaded; common 
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medium faint yellowish brown (oOYR 5/^t 
5/6) mottles; moderate medium subangular 
blocky structure; firm; common iron and 
manganese concretions; few roots; thick 
continuous (lOYH 3/1) clay films; few 
(lOYR 2/1) clay flows; gradual smooth 
boundary. 
29-35 Dark grayish brown (2.5Y 4/2) silty clay, 
common medium distinct yellowish brown 
(lOYR 5/4, 5/6) mottles; weak fine pris­
matic parting to moderate medium subangu­
lar blocky structure; friable to firm; 
few iron and manganese concretions; thin 
discontinuous (lOYR 3/1) clay film; 
few (lOYR 2/1) clay flows; gradual smooth 
boundary. 
35-4? Grayish brown (2.5Y 5/2) heavy silty clay 
loam; many medium distinct yellowish 
brown (lOYR 5/4, 5/6) mottles; weak fine 
prismatic parting to moderate medium sub-
angular blocky structure; friable; few 
iron and manganese concretions; few roots; 
thin discontinuous (lOYR 3/1) clay film; 
few (lOYR 2/1) clay flows; gradual smooth 
boundary. 
Bj2 47-51 Olive (5Y 5/3) medium silty clay loam; 
common medium distinct yellowish brown 
(lOYR 5/6) mottles; weak moderate pris­
matic; friable; few iron and manganese 
concretions; no roots; few (lOYR 3/1, 
2/1) clay flows; gradual smooth boundary. 
51-60 Same as 47-51 inch zone except that there 
are many coarse prominent yellowish brown 
(lOYR 5/6) and strong brown (7.5-R 5/6) 
mottles. 
C]_ 60-70 Olive gray ( 5Y 5/2) light silty clay 
loam; few fine distinct liprht olive 
brown (2.5Y 5/6) and yellowish brown 
(lOYR 5/6) mottles; massive; few (lOYR 
3/1, 2/1) clay flows; gradual smooth 
boundary. 
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II.-, 70-76 Gray (5^ 5/1) medium sllty clay loam; 
few faint yellowish brown (lOYR 5/6) 
mottles; few (lOYR 3/1, 2/1) clay flows; 
gradual smooth boundary. 
II.-, J, 76-86 Dark gray ( 5Y 4/1) medium sllty clay loam; 
few fine faint light olive brown (2.5% 
5/6) mottles; gradual smooth boundary. 
86-95 Same as 76-86 except some carbon fragments 
appear at about 95 inches. 
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Series: Grundy (P-935) 
County: Lee 
Slope: 1% 
Location: 3^5' S and 862' 3 of the NW cor. of NWi, 
sec. 15, T.68N., R.7W. 
Described by: McKim, Miller, Secor 
Ap 0-8 Black (lOYH 2/1) silt loam; cloddy struc­
ture; friable; many roots; abrupt smooth 
boundary. 
Ao 8-11 Very dark gray (lOYR 3/1) light silty clay 
loam; weak fine granular structure; fria­
ble; many roots; clear smooth boundary. 
11-15 Very dark gray (lOYR 3/1) medium silty 
clay loam; weak very fine subangular 
blocky structure; friable; common roots; 
clear smooth boundary. 
B2%t I5-I9 Very dark gray (lOYH 3/1) silty clay; dark 
olive pray (lOYR 3/2) kneaded; few fine 
faint yellowish brown (lOYR 5/6) and dark 
brown (7-5^ 4/4) mottles; moderate fine 
subangular blocky structure; friable; few 
fine iron and manganese concretions; com­
mon roots; few thin discontinuous (lOYR 
2/1) clay films; gradual smooth boundary. 
^^22t 19-24 Dark grayish brown ( lOYR 4/2) icneaded sil­
ty clay; few fine faint yellowish brown 
(lOYR 5/4, 5/6) mottles; moderate medium 
subangular blocky structure; firm; common 
iron and mang:anese concretions; few roots; 
thick continuous (lOYR 3/1) clay film; 
gradual smooth boundary. 
Bg^t 24-29 Dark grayish brown (lOYR 4/2) silty clay; 
common fine distinct yellowish brown (lOYr 
5/4, 5/6) and olive (5Y 4/3) mottles; weak 
coarse sunancrular blocky parting to moder­
ate medium subangular blocky structure; 
firm; common iron and manganese concretion; 
few roots; thick continuous (lOYR 3/1) 
clay film; gradual smooth boundary. 
29-34 Grayish brown (2.5Y 5/2) licht silty clay; 
common medium distinct yellowish brown 
(lOYR 5/4, 5/6) mottles; moderate medium 
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subangular blocky structure; firm; few 
Iron and manganese concretions; thick con­
tinuous (lOYR 3/1) clay film; gradual 
smooth boundary. 
3^2t 34-4-2 Olive gray ( 5/2) heavy sllty clay loam; 
common medium distinct yellowish brown 
(lOYR 5/4f 5/6) and light olive brown 
(2.5Y 5/2) mottles; weak fine prismatic 
parting to moderate medium subangular 
blocky structure; firm; few fine iron and 
manganese concretions; few roots; thick 
discontinuous (lOYR 3/1) clay film; 
gradual smooth boundary. 
42-55 Olive gray (5Y 5/2) medium sllty clay 
loam; many coarse distinct yellowish 
brown (lOYR 5/4, 5/6) and few fine faint 
light olivs brown (2.5Y 5/4) mottles; weak 
fine prismatic parting to moderate medium 
subangular blocky structure; friable; few 
fine iron and manganese concretions; no 
roots; thin discontinuous (lOYR 3/1) clay 
films; few (lOYR 2/1) clay flows; iron 
bands within clay flows; gradual smooth 
boundary. 
55-63 Olive gray (5Y 5/2) to light olive gray 
(5Y 6/2) light silty clay loam; few medium 
faint light olive brown (2.5% 5/6) and 
olive yellow (2.5Y 6/2) mottles; massive; 
friable; few iron and manganese concre­
tions; no roots; few (lOYR 2/1, 3/1) clay 
flows and stains; gradual smooth boundary. 
Cp 63-75 Same as 55-63 inch zone except that there 
are many coarse prominent yellowish brown 
(lOYR 5/6) mottles; 
n J 75-92 Gray (5Y 5/1) light sllty clay loam; com­
mon medium distinct light olive brown (2.5 
Y 6/2) and few fine faint yellowish brown 
(lOYR 5/6) mottles; massive; friable; many 
inped tubular pores; gradual smooth boun­
dary. Pedisediment material. 
92-102 Same as 75-92 except the clay content is 
increasing. 
11^ 102-104 Gray (5Y 5/1) silty clay; Paleosol. 
280 
APPENDIX 5. PARTICLE SIZE ANALYSES, AND TOTAL CARBON 
PERCENTAGES FOR 5 SOILS IN THE LOESS TRAVERSE 
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Sand Co, silt Pi. silt Clay Total 
Horl- Depth 50 50-20 20-2 2 carbon 
zon (in.) % % % % % 
P-931 
Ap 0-7 2.2 30.5 42.4 24.9 1.79 
A12 7-10 1.9 28.0 45.9 24.2 1.47 
A3 10-14 2.1 23.4 44.2 30.3 1.05 
B1 14-18 2.5 19.2 39.5 38.5 0.90 
321t 18-23 1.1 15.3 34.0 49.6 0.57 
B22t 28-35 1.2 18.1 40.1 40.6 0.20 
B31t 35-41 1.3 19.0 43.2 36.5 0.18 
332t 41-48 0.5 21.6 41.7 36.2 0.11 
B33t 48-57 0.8 24.6 43.1 31.5 tr 
CI 57-63 0.5 21.6 49.9 28.0 
63-69 1.6 19.7 51.1 27.6 
69-75 3.0 16.6 51.3 29.1 
75.83 3.8 17.4 49.6 29.2 
IIA 83-91 4.6 17.2 45.4 32.8 
IIB 91-100 3.4 16.9 38.4 41. 3 
IIB2 100-106 2.4 12.2 30.8 54.6 
106-112 2.6 11.5 29.3 56.6 
P-932 
At) 0-8 2.8 31.0 44.9 21, 3 1.56 
A3^ 8-11 3.7 26.5 42.5 27.3 0.83 
3JL O II-I5 4 C 0 24.3 36. 6 ^14.0 0.77 
321t 15-19 2.4 19.8 30.5 47.3 0.64 
B22t 19-24 1.5 19.9 29.2 49.3 0.59 
323t 24-28 2.3 21.0 32.7 44.1 0.38 
331t 28-34 1.6 22,5 34.6 41.3 0.31 
332t 34-40 1.5 22.9 37.9 37.6 0.15 
233 40—46 1.3 27.5 36.7 34.4 0.13 
CI 4(^—54 1.2 28.1 41.4 29.3 tr 
C2 54-66 0.8 31.2 39.0 29.0 tr 
C3 66-78 0.5 22.0 50.3 26.9 
C4 78-84 4.9 14.5 49.2 25.7 
84-90 8.6 20.0 48.7 22.7 
90-92 11.5 22.2 45.2 21.1 
92-96 4.6 31.4 43.4 20.6 
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Sand Co. silt ?i. silt Clay Total 
Horl- Depth $0 50-20 20-2 2 carbon 
zon (In.) % % % % 
P-933 
Ap 0-9 3.6 24.1 44.7 27.6 1.84 
A3 9-13 4.1 22.3 46.8 26.8 1.11 
Bit 13-19 5.9 18.5 44.4 31.2 0.81 
B21t 19-23 2.5 14.9 41.9 40.7 0.61 
B22t 23-28 1.5 12.6 38.5 47.4 0.36 
B23t 28-34 1.9 13.2 39.3 45.6 0.20 
B31t 34-40 1.6 14.4 40.2 43.8 0.09 
40-46 1.6 14.5 42. 3 41.5 0.08 
CI 46—52 1.4 16.2 41.6 40.8 0.07 
52-58 1.2 19.4 44.6 38.8 tr 
58-64 1.4 24.6 39.4 34.6 
64-74 1.4 26.1 40.1 32.4 
C2 74-80 1.2 26.5 43.9 28.4 
80-86 1.0 27.0 45.1 26.9 
86-92 0.7 24.6 47.2 27.5 
92-95 1.2 22.1 49.0 27.7 
P-934 
Ap 0-7 1.7 34.5 42.7 21.1 1.74 
A12 7-10 2.8 31.9 43.4 21.9 1.10 
A3 10-13 3.1 30.7 41.4 24.8 0.77 
31 1 ji—16 3.5 28.2 37.5 30.8 0.64 
321t 16-19 2.7 22.2 30.4 44.6 0.69 
322t 19-24 1.5 17.6 33.9 47.0 0.49 
B23t 24-29 1.3 18.0 30.4 50.3 0.40 
331t 29-35 1.0 19.5 33.1 46.4 0.24 
B32t 35-41 2.2 20.5 38.4 38.9 0.24 
41-47 1.8 22.6 39.5 36.1 0.11 
CI 47-51 0.8 24.1 39.7 35.4 tr 
C2 51-55 1.0 24.4 38.3 36.3 tr 
55-60 1.0 22.7 42.6 33.7 tr 
C3 60-65 0.4 18.4 52.5 28.7 
65-70 0.3 19.3 51.7 28.7 
IIA 70-76 1.5 18.4 46.6 33.5 
76-80 3.4 20.5 40.7 35.4 
80-86 4.3 20.4 39.4 35.9 
86-89 
89-95 4.2 16.0 45.8 34.0 
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Sand Co. silt Pi. silt Clay Total 
Hori- Depth 50 50-20 20-2 2 carbon 
zon (in.) % % % % % 
P-935 
Ap 0-8 1.7 24.5 47.9 25.9 1.99 
A3 8-11 2.5 22.7 45.3 29.5 1.29 
B1 11-15 6.1 16.9 42.4 34.5 1.01 
B21t 15-19 2.8 17.3 37.4 42.4 1.05 
B22t 19-24 4.0 13.2 33.7 49.1 0.71 
B23t 24-29 4.0 12.7 37.3 46.0 0.29 
B31t 29-34 2.8 15.8 39.0 42.4 0.21 
B32t 34-38 0.8 20.7 40.5 38.0 0.08 
38-42 0.5 20.6 41.6 37.3 0.11 
B33t 42-48 0.8 28.5 3910 31.7 0.07 
CI 48-55 3.4 26.0 39.3 31.3 tr 
C2 55-63 1.2 29.6 40.3 28.8 tr 
C4 63-75 0.7 24.9 45.8 28.6 
75-81 4.6 18.9 27.9 28.6 
81-87 
87-92 5.8 21.3 44.2 28.7 
92-97 5.0 19.2 41.6 34.2 
97-102 3.5 19.2 39.0 38.3 
102-104 3.5 16.4 35.9 44.2 
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APPENDIX 6. pH VALUES TO A DEPTH 0? 60 INCHES FOR THE 21 
SAMPLE SITES 
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Depth Depth Depth Depth 
(In.) pH (In.) pH (In.) pK (In.) pH 
Tama (P-928) TSL (P--915) Sharpsburg Dow (P-919) 
Grundy C 0. Warren Co. (P-914) Warren Fremont Co, 
0-8 5.7 0-8 6.0 0-7 5.3 0-6 6.5 
8-13 5.1 8-14 5.6 7-12 5.3 6-10 6.0 
13-19 5.1 14-18 5.2 12-16 5.3 10-15 6.0 
19-24 - 18-22 5.0 16-20 5.5 15-19 6.1 
24-30 5.1 22-28 5.0 20-25 5.6 19-25 6.1 
30-36 5.4 28-34 5.2 25-29 5.9 25-29 6.1 
36-42 5.5 34-48 5.2 29-34 5.9 29-35 6.2 
42-48 — 48-54 5.3 34-42 6.0 35-41 6.2 
48-54 5.8 54-60 5.4 42-48 6.2 41-47 6.4 
54-60 6.1 6O-66 5.5 ^8-54 6.3 47-53 6.4 
53-58 6.4 
Mahaska (P-924) 
Keokuk COo 
0-7 5,6 
7-13 5.0 
13-18 4,8 
18-24 4.8 
24-30 4.8 
30-35 5.2 
35-40 5.2 ) t /-N  ^ . C 6 C 
46-51 6.0 
51-56 6.5 
56-61 6.5 
Grundy (p-921; 
Lee Co, 
0 — 10 6.6 
10-1: 5.5 
13-17 5.4 
17-21 5.3 
21-28 5.3 
28-32 5.5 
32-38 5.6 
38-44 6.0 
44-49 6.0 
49—54 6.1 
54-58 6.1 
Mahaska (P-925) 
Washington Co. 
0-8  5.5 
8-13 4.9 
13-17 5.0 
17-23 5.0 
25-27 5.0 
27-30 5.2 
30-35 5.5 
35~"^2 o.C 
42-51 6.0 
51-55 6.7 
55-62 6.7 
Grundy (P-922) 
Lee Co. 
0—8 
8-10 
10-14 
14-18 
18-24 
24-27 
27-31 
31-35 
35-42 
42-46 
46-52 
52-59 
Macksburp 
(P-926) 
Madison Co. 
0-8 6.8 
8-13 6.3 
13-18 5.8 
18-25 5.6 
25-30 5.6 
30-34 5.6 
34-3? 5.7 
39—44 5. 7 
44-49 5 0 8 
49-54 5.9 
54-59 5.8 
Grundy (y-9l6) 
Lee Co. 
0-7 5. 7 
7-10 5. 5 
10-14 5. 2 
14-19 5. 0 
19-24 5. 1 
24-30 5. 2 
30-36 5. U 
36-42 5. 5 
42-52 5. 8 
52-60 6. 0 
60-72 6. T 
Macksburg 
(P-927) 
Madison Co. 
0-8 6.3 
8-12 5.2 
12-15 5.3 
15-18 5.1 
15-18 5.1 
24-30 5.2 
30-36 5.6 
30-41 5 « 9 
41-45 5.9 
45-50 6.1 
Grundy (P-9I8) 
Clarke Co. 
0-9 5.6 
9-13 
13-16 5.5 
16—19 — 
19-24 5.4 
24-29 5.6 
29-33 5.8 
33-39 6.0 
39-44 6.0 
44—50 6.1 
50-56 6.1 
56-60 6.2 
6.5 
5.7 
5.5 
5.7 
5.9 
6 . 2  
6 . 2  
6.4 
6.3 
6.5 
6.6 
6.4 
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Depth Depth Depth 
(In.) pH (in.) pH (In.) pK 
Grundy (P-930) 
0-7 5.^ 
7-10 5.0 
10-13 5.0 
13-17 5.0 
17-22 5.2 
22-28 5«^ 
28-36 5.5 
36-40 5.7 
^4-0-^5 5.9 
45-51 5.9 
51-55 6.0 
Grundy (P-931) 
Lee Co. 
0-7 6.4 
7-10 5.9 
10-14 5.6 
14-18 5.4 
18-23 5.5 
23-28 5.5 
28-35 5.9 
35-41 6.0 
41-48 6.1 
48-57 6.2 
Grundy (P-935) 
Lee Co. 
0-8 6.2 
8-11 5.4 
11-15 5.1 
15-19 5.1 
19-24 5.2 
24-29 5.3 
29-34 5.8 
34-38 6.0 
38-42 6.1 
42-48 6.1 
48-55 6.2 
55-63 6.3 
Grundy (P-93: 
Lee Co. 
0-8 6.0 
8-11 5.5 
11-15 5.3 
15-19 5o3 
19-24 5.4 
24-28 5.4 
28-34 5.8 
34-40 6.0 
40-46 6.1 
46-54 6.3 
54-66 6. 3 
66-78 6.4 
Halg (P -917) 
Lee Co, 
0-7 6.5 
7-12 6.2 
12-16 6.1 
16-19 6.2 
19-23 6.3 
23-27 6.5 
27-31 6.6 
31-37 6.6 
37-41 6.7 
41-47 6.6 
47-55 6.7 
55-61 6.9 
Grundy (P-933) 
Lee Co. 
0-9 6.0 
9-13 5.4 
13-19 5.2 
19-23 5.2 
23-28 5.3 
28-34 5.4 
34-40 5.6 
40-46 5.7 
46-52 5.8 
52-58 5.9 
Halg (P-923) 
Lee Co. 
0-10 6.2 
10-13 5.5 
13-17 5.4 
17-20 5 = 5 
20-24 5.7 
24-30 5.8 
30-36 6.0 
36-42 6.0 
42-4? 6.0 
47-51 6.0 
51-55 6.0 
55-61 6.1 
Depth 
(In.) pH 
Grundy (P-9 3^) 
Lee Co, 
0-7 5.9 
7-10 5.1 
10-13 5.3 
13-16 5.0 
16-19 5.2 
19-24 5.1 
24-29 5.4 
29-35 5.8 
35-41 6.1 
41-47 6.2 
47-51 6.4 
51-55 6.4 
55-60 6.4 
Halg (P -929) 
Clarke Co. 
0-7 6 0 6 
7-11 5» 6 
11-15 5.2 
15-19 5.3 
19-24 5.5 
24-30 5.7 
30-37 6.1 
37-42 6.3 
42-47 6.3 
47-52 6. 3 
52-58 6.3 
